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In conclusion, it must be pointed out that in order adequately 
to solve the problems of Zoology they must be approached from 
all sides. From the time of Cuvier to that of Owen comparative 
anatomy was the dominant branch of the science, and there was 
a tendency to depreciate the work of the ‘ mere ' S3^tematist and 
outdoor naturalist. For the last five and twenty years em- 
bryology has been in the ascendant, and the 'mere' anatomist 
has been somewhat overshadowed. To-day, hopeful signs of a 
renewed interest in ethology — ^the study of living animals under 
natural conditions — are accompanied by a tendency to look 
upon all laboratory work as necrology rather than biology — the 
study of corpses rather than of living things. But nothing is 
more certain than that if the new "natural history' is to be 
superior to the old — ^more scientific, more concerned with the 
solution of general problems — ^it can only be by utilising to the 
full all that has been learnt in the laboratory in the departments 
of anatomy, physiology and embryology. {fZondudingparagraph, 
Parker and Haswell, ist ed., i8g8.) 
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strocturm. Fig. 91 (p. 140): orbit, Fig. 92 (p. 143); audio-equiUbration : ^tioMW 
F>g- 93 (P- 144) 1 semi-circular canab and lagena. Fig. 94 (p. 143). '' 
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Endocrine System. Hypothalamico-h3rpophysial relationships. Fig. 95 (p. 149); hypophysia 
arrangements, Fig. 06 (p. 150); secretory apparatus of testis, Fig. 97 (p. 152). 

Urinof^tal System. Development and relationships. Fig. 98 (p. 153) ; kidney circulation 
and disposal. Fig. 99 (p- 154) I nephron. Fig. 100 (p. 155); and probable stages of evolution. 
Fig. 101 (p. 157); development. Fig. 102 (p. 161). 

SUFER-CIJySHS AGNATHA 

CXiASS EUPHAMERIDA Fig. 103 (p. 167). 

CLASS UETEttOSTRAd Pteraspis^ Fig. 104 (p. 168); Drepanaspis^ Fig. 105 (p. 170). 
GLASS ASASBJDARhffncholepis^ Fig. 106 (p. 171). 

GLASS OSTEOSTRACI UemicyelaspiSf Fig. 107 (p. 171); Kiaeraspis^ cranial anatomy. Fig 
108 (p. 173); lAmarkia^ Fig. 109 (p. 174). 

CLASSES PETR01IT2S01ITIA and MYXINOIDEA Petromyzon^ whole animal, Fig. 1 10 (p. j 75) ; 
buccal funnel. Fig. iii (p. 177); integumental and epidermal cells of Myxltte and fishes. Figs. 
II 2-1 13 (pp. 178-179): Pefromi^«on, trunk region, Fig. 114 (p. 180); .skull. Fig. 115 (P- 181); 
skull and branchial basket in adult, Fig. 116 (p. 182); skull during metamorphosis. Fig. 117 ^p. 
182); head region. Fig. 118 (p. 183): Ammocoste (Geolria), head region. Fig. 119 (p. 186); 
Pefromi^ofi, brain. Fig. 120 (p. 188); olfactory and naso-hypophysial ducts. Fig. 12 1 (p. 189); 
development. Fig. 122 (p. 190): Lampeira, eye and adjacent structures. Fig. 123 (p. i^); 
Peirotnyzon, cloacal region. Fig. 123 (p. 193); development, Fig. 126 (p. 195); hatnpeti^: 
(development. Fig. 127 (p. iq6); Mpxine and EpfairetuH, anterior regions, Fig. 128 (p. 198): 
Myxine skeletal and visceral structures. Fig. 129 (p- I 99 ): skull of adult. Fig. 130 (p. 200); of 
embryo. Fig. 131 (p. 201); membranous labyrinth. Fig. 132 (p. 202). 

SUPER-CLASS 6NATH0ST0MATA 

CLASS PLACODERMI DinicMhya^ whole animal. Fig. 133 (p. 206): ClimaUua^ head, Fig. 
134 (p. 207): DipUteanihuSf pectoral girdle. Fig. 135 (p. 208); Acanihodea^ skull, Fig. 136 
(p. 209): head region, Fig. 137 (p. 210); Coecosteus, skeleton. Fig. 138 (p. 21 1); . 4 farro. 
^ialiehthyat skeleton. Fig. 139 (p. 212); head and pectoral shield of Lunaapin and Macro- 
petalicMhySj Fig. 140 (p. 213); MocropcIalfcAfliya, pectoral girdle. Fig. 141 (p. 213); 
JPierichthyodea, skeleton. Fig. 142 (p. 214); Bothrloiepis, whole animal. Fig. 143 (p. 215); 
OemuendinUf whole animal, and trunk, Figs. 144-145 (pp. 216-217); Palfeospondytus, 
skeleton. Fig. 146 (p. 218). 

CLASS ELASMOBRANCHn Carclmradon, jaws and teeth. Fig. 147 (p. 220); Vladoaelache. 
whole animal. Fig. 148 (p. 223); Cfenacanthua^ whole animal. Fig. 149 (p. 223); Pleura- 
eanthua^ skeleton. Fig. 150 (p. 224); Heterodimfua, whole animal. Fig. 151 (p. 225); denti- 
tion. Fig. 132 (p. 226); Chlamydoaelachua^ Fig. 153 (p. 227); Priatia and Aetobatin 
illustrating adaptation and radiation. Fig. 154 (p. 228). 

Example of Class: Dogfish. Whole animal. Fig. 155 (p. 229) ; vertebral column. Fig. 1 36 (p. 231) . 
skull and visceral arches. Fig. 157 (p. 232) ; visceral arches. Fig. 158 (p. 234) ; pectoral arch and 
fin. Fig. 159 (p. 235) ; pelvic arch and fin. Fig. 160 (p. 236) ; visceral structures, Fig. 161 (p. 238); 
Respiration and circulation; branchial sac. Fig. 162 (p. 239): head and branchial circulation. 
Fig. 163 (p. 240); general circulation, Fig. 164 (p. 242); Nervous system: brain. Fig. 1O5 
(p. 244); brain ventricles, Fig. 166 (p. 246); brain and spinal nerves. Fig. 167 (p. 247); dorsal 
root cranial nerves. Fig. 168 (p. 248). Endocrine and urinogenital elements: adrenal. Fig. im 
(p. 232) ; male and female urinogenitalia. Fig. 170 (p. 253) ; kidney and urinary sinus of female, 
Fig. ‘171 (p. 254); egg-case of dogfish. Fig. 172 p. 254). 

SUB-CLASS BRADTODONn Representative whole animals. Fig. 173 (p. 237); Chimwra. 
vertebral column, Fig. 174 (p. 259) ; skull. Fig. 175 (p. 260). Callorhynehua, skull. Fig. 170 
(p. 261); brain. Fig. 177 (p. 262); urinogenital system. Fig. 178 (p. 263); embryo within 
Fig. 179 (p. 264). 

General Organisation of ElasmobraiichiL Skeletal structures: Scymnorhinua, spinal column. 
Fig. 180 (p. 2O7); Vrolophua, cndoskeleton. Fig. 181 (p. 208); Heptranckiaa^ skuU, Fig. 

(p. 269). Torpedo, Electric organs. Fig. 183 (p. 271): Carcharodoti, Mechanism of eyi 
accommodation. Fig. 1S4 (p. 273); Cetorhinua<, Urinogenital system. Fig. 185 (p. 2771: 
development. Figs. 186-190 (pp. 279-281). 

CS1A88 OSTEICHTHYE8 SUFEB-OBDEK CH(Bn) 08 IBEI PaUeontaeu*, whole animal an^ 

skeleton. Fig. 191 (p. 286); Heliehihya, whole animal and skeleton. Fig. 192 (p. 287); Jci- 
jwnaer, whole animal. Fig. 193 (p. 288); pre-caudal vertebrae. Fig. 194 (p. 289). ChondroS' 
teua, s kull and pector al gird le, Fig. 195 (p. 289) ; PolypieruB^ whole animal. Fig. 196 (p. 200): 
SUFER-OBDER H 0 L 08 IEI. Dap^ltte, whole animal. Fig. 197 (p. 291) ; Lepiaoaieua^ 
animal. Fig. 198 (p. 292) ; Atnla, whole animal. Fig. Z99 (p. 293). 8 UFEB- 0 RDBB TELEOSTE* 
LeptolepiOf w'hole animal and skull. Fig. 200 (p. 294). 
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Example of Snb-class: Sahno fariot Trout Whole animal. Fig. 201 (p. 296); Tiiapia^ 
whole animal and parental care, Fig. 202 (p. 297); Salmo^ vertebrae, Fig. 203 (p. 301). 
Teieoetei, caudal skeleton. Fig. 204 (p. 302) ; skull and relationship with pectoral girdle. Fig. 
I 205 (p. 304); Salnio. skull of juvenile. Fig. 206 (p. 307); dermal fin-ray and its supports, 
j Fig. 207 (p. 307); pectoral girdle and fin, Fig. 208 (p. 308); pelvic fin and skeleton. Fig 209 
|-(p. 309); skeletal and visceral relationships. Fig. 210 (p. 310); brain and cranial nerves, 
|Fig.'2ii (p. 313); brain and adjacent structures. Fig. 212 (p. 314); Teleostei, eye and optic 
®^erve, Fig. 213 (p. 316): Solmo, audio-equilibration. Fig. 214 (p. 317); kidney and ad- 
cent structures. Fig. 215 (p. 31^).; development. Figs. 216-217 (p. 319). 

al Organisation of Actinopterygians.— Teleostei, optic adaptation. Fig. 218 (p. 322); exo- 
keletal and reproductive adaptations. Fig. 219 (p. 323); bioluminesccnce and angling mech- 
nisms. Fig. 220 (p. 324); morphogenetic adaptation to bottom -living. Fig. 221 (p. 326): bio- 
kminescence in .^rgi^^elecua, Fig. 222 (p. 328) ; tactile and other specialisations. Fig. 223 
p. 328); Actinopterygian scales (cycloid and ctenoid). Fig. 224 (p. 329). Aeipen8eroid6a» 
kufl. Fig. 225 (p. 330); Polypterini, skull. Fig. 226 (p. 331). Teleostei, deglutition specialisa- 
fens. Fig. 227 (p. 332): Polypterini, fins. Figs. 228-229 (p. 333); Teleostei, electric organs, 

t ig. 230 (p. 334); dental specialisation in Sargutt^ Fig. 231 (p. 336); extra- branchial respir- 
tion in Clarias^ Fig. 232 (p. 338); in Anabaa^ Fig. 233 (p. 339). Holostei, swim-bladder 
LepisosteuSf Fig. 234 (p. 340). Teleostei, swim-bladder and audio-equilibration in a c}^- 
toid. Fig. 235 (p. 341) ; gas gland, oval and blood supply. Fig. 236 (p. 342). Holostei, brain, 
ig. 237 (p. 344); Teleostei: brain and labyrinth. Fig. 238 (p. 345). Holostei: urinogenital 
items. Figs. 239-240 (p. 348); Teleostei: ectoparasitism and reproduction. Fig. 241 (p. 
;o); viviparity. Fig. 242 (p. 351); Holostei, development. Fig. 243 (p. 353). 

CROSSOPTERYOn 

Rhipidistia: Oaieolepis^ whole animal and skull. Fig. 244 (p. 355): Undina^ whole 
||mal. Fig. 245 (p. 357); iMtitneria^ whole animal. Fig. 246 (p. 358); head and sensory 
ans. Figs. 247-248 (p. 359). 

Dipnoi: Lung-fishes, whole animals and distribution. Fig. 249 (p. 361); JHpterua^ 
ole animal. Fig. 250 (p. 363). 

nple of Sub-class. — Proiopterua tethiopieua^ whole animal. Fig. 251 (p. 363); skull, 
|pulder girdle, and fin. Fig. 252 (p. 367) ; Dentition, Fig. 253 (p. 368) ; alimentary canal and 
ciated structures. Fig. 254 (p. 369); lung cf. that of PolypteruBn Fig. 255 (p. 371); blood 
cular and respiratory systems. Fig. 256 (p. 372); visceral relationships, Fig. 257 (p. 373); 
|in, Fig. 258 (p. 374) ; aestivation. Fig. 259 (p. 375) ; urinogenital system. Fig. 260 (p. 376) ; 
"elopment. Figs. 261-262 (pp. 377-378). 

AMPHIBIA Fish/amphibian transition: shoulder girdle and fore-limb. Fig. 263 (p. 

pie of Class: JRotta, cndoskeleton. Fig. 264 (p. 392); bony skull. Fig. 265 (p. 393); 
tilaginous skull of tadpole. Fig, 266 (p. 394): pectoral girdle. Fig. 267 (p. 397); pelvic 
lie. Fig. 268 (p. 398); musculature. Fig. 269 (p. 399); visceral relationships. Fig. 270 (p. 
j; abdominal viscera. Fig. 271 (p. 402): cardiac anatomy and circulation. Fig. 272 (p. 405); 

" lal system. Fig. 273 (p. 406) ; venous system. Fig. 274 (p. 408) ; brain, pituitairy and 
al nerves. Fig. 275 (p. 41 1); eye and optic nerve, Fig. 276 (p. 413); urinogenital system, 
277-278 (pp. 416-417); development. Fig. 279 (p. 419). 

APSUDOSPONDYLI 

athodontia: tooth, Fig. 280 (p. 422); skulls and vertebrae. Fig. 281 (p. 422); Iehihyo<- 
whole animal. Fig. 282 (p. 423); cranium, Fig. 283 (p. 424); Paracyeiotoaawrua^ 
animal. Fig. 284 (p. 423) ; skulls of Palteogyrinua and the fish Oaieolepia showing 
nee of ft«sh/amphibian transition. Fig. 283 (p. 427) ; Seynumrla, illustrating mosaic 
Stion, Fig. 286 (p. 429). 

LEPOSPONDYLI 

ned * skull, and characteristic vertebra. Fig. 287 (p. 431) ; Ophiderpeion, skeleton. Fig. 
J>. 431); Older Urodela: Andriaa, Witness of the Deluge, Fig. 289 (p. 432): permanent 
E Fig. 290 (p. 433) ; Satamandra aalamandra. Fig. 291 (p. 434). Oxito Apoda: Cephalic 
nital structures of Ceedlia, Fig. 292 (p. 434). 

Organiflatkm of the Amphibia.— Urodela: chondrocranium of Proieua, Fig. 293 (p. 
skull of Saiamandra otro, Fig. 294 (p- 439); Apoda: skuU of iehthyophiMf Fig. 295 
|o); UrodMa: shoulder girdle and sternum. Fig. 296 (p. 441); pelvic girdle. Fig. 297 (p 
‘ Annra: vocal apparatus. Fig. 298 (p. 443); Urodela: circulation and respiration. Fig. 
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299 (p. 445) ; venous system, Fig. 300 (p. 446) ; vibration exteroception. Fig. 301 (p. 448) ; 
Antira: lateral line in Xenopus, Fig. 302 (p. 449); melanophores in Xenopus, Fig. 303 (p. 
450)1 Urodela: urinogenitalia. Figs. 304-305 (PP- 450-451); Anura: amplexus and parental 
care in Gastrotheca tnaraupiata^ Fig. 306 (p. 453); ovoviviparity and pseudo-placentation 
in Pipa doraigera^ Figs. 307-308 (pp. 454-455); Apoda: reproduction and development in 
ichthyophia. Fig. 309 (p. 456). 

CLASS REFTlilA 

Skeleton of anapsid ' stem-reptile Labidoaaurua^ Fig. 310 (p. 458). 

Ezampla of Glass: Laeerta, vertebrae. Fig. 311 (p. 463); pectoral arch and sternum. Fig. 312, 
(P- 465); skull. Fig. 313 (p. 466); carpus. Fig. 314 (p. 469); pelvis. Fig. 315 (p. 470) ; tarsus. 
Fig. 316 (p. 471); visceral relationships, Figs. 317-318 (pp. 472-473); heart and large vessels. 
Fig. 319 (p. 475) ; cardiac structure and circulation. Fig. 320 (p. 476) ; brain and cranial nerves. 
Fig. 321 (p. 479); brain and hypophysis. Fig. 322 (p. 480): audio-equilibration. Fig. 323 (p, 
481); urinogenitalia. Figs. 324-325 (pp. 482-483); skull structure of reptiles. Fig. 326 (p. 484), 

SUB-CLASS ANAPSIDA 

Cheionia^ whole animal. Fig. 327 (p. 487). j 

SUB-CLASS ICHTHTOPTEBTGIA Ophthalmoaaurua, whole animal. Fig. 328 (p. 49o),\ loco- 
motory specialisations. Fig. 329 (p. 491). \ 

SUB-CLASS STNAFTOSAUBIA Elaafnoaauruaf whole animal. Fig. 330 (p. 493). 

SUB-GLASS LEPIDOSAUBIA Rhynehooephalia, Sphenadon^ whole animal, Fig. 331, (p. 
496); SQuamata S^rotalua^ whole animal. Fig. 332 (p. 498). 

SUB-CLASS ABGBEOSAUBIA Crocodylua, Fig. 333 (p. 500) ; Rhamphorhynchoidea, skull and 
teeth, Fig. 335 (p. 504); Sanrischia and Omithischia: Representative dinosaurs. Fig. 336 
(p. 505); pelvic structure. Fig. 337 (p. 506); Saniisehia, axial skeleton of Tyrannoaaurua, 
Fig. 338 (p. 506) ; respiratory adaptations in dinosaurs. Fig. 339 (p. 508) ; Omithischia, endo- 
skeleton of iguanodon^ Fig. 340 (p. 509); dentition in unrelated herbivores, Fig. 341 (p. 
510); brain, hypophysis and spinal enlargements in Stegoaourua^ Fig. 342 (p. 511). 

SUB-CLASS SYNAPSIDA Pelyoosauria; Dimetrodon, whole animal, Fig. 343 (p. 512); £<io- 
phoaaurua, vertebral spine. Fig. 344 (p. 513); Therapsida, Konnemeiyeria, skeleton. Fig. 345 
(p. 514); pectoral girdle, Fig. 346 (p. 515). C^nodontia, skull. Fig. 347 (p. 516); Gorgonopsia, 
skull. Fig. 348 (p. 516) : Lyewnopay whole animal. Fig. 349 (p. 517) ; Ictidosauiia, skull, Fig. 350 
(P- 517)- 

General Organisation of Recent Reptilia: Lacertilia, arboreal specialisation in Chawnmieon; 

Fig. 351 (p. 519); Fossorial specialisations in legless lizard, Pygopua^ Fig. 352 (p. 520); 
SphenodoHy vertebrae. Fig. 353 (p. 524) ; i*ythony vertebrae. Fig. 354 (p. 524) ; Crocodylua 
and SphenodoHy endoskeleton. Figs. 355-356 (p. 525) ; Crocodylua, vertebrae, Fig. 357 (p. 
526) ; Ghelonia, exo- and endo-skeleton. Figs. 358-359 (p. 527) ; Natrix, skull. Fig. 360 (p. 
528) ; Sphenodon, skull. Fig. 361 (p. 529) ; Chelonia, skull. Fig. 362 (p. 530) ; Crocodylua, 
skull of adult and juvenile. Figs. 363-364 (p. 531) ; Chelonia, tarsus, Fig. 365 (p. 532) ; .4lli- 
gator, carpus. Fig. 366 (p. 532) ; pelvis. Fig. 367 (p. 533) ; Crocodylua, Fig. 368 (p. 533) ; 
Croialua, rattlesnake fangs, poison apparatus. Figs. 369-370 (pp. 534-'535): Elapid dental 
specialisations. Fig. 371 (p. 536); Crocodylua, heart and great vessels. Fig. 372 (p. 542); 
Alligator, brair and cranial nerves, Fig. 373 (p. 543) ; Lacertilia, vomeronasal organ. Fig. 374 
(P- 544) ; l^uamata, comparison of lacertilian and ophidian eye. Fig. 375 (p. 545) ; Spheno^n 
pine^ apparatus. Fig. 376 (p. 546); CrotalinaB, special senses. Fig. 377 (p. 547); Ophidia, 
bilateral copulatory organs. Fig. 378 (p. 550); Alligator, development. Fig. 379 (p, 552); 
Lacerta. development, Fig. 380 (p. 553). 

CLASS AVE8. 

Epigamic plumage. Fig. 381 (p. 561); sexual and aggression display, Fig. 382 (p. 562). 
Example of Glass: Colurnha livia. Fig. 383 (p. 566) ; contour feather. Fig. 384 (p. 56S) ; down- 
feather and its formation. Fig. 385 (p. 570) ; pterylosis. Fig. 386 (p. 571) ; internal strutting and 
pneumatism in bone, Fig. 387 (p. 572) ; endoskeleton, Fig. 3S8 (p. 572) ; cervical vertebra. Fig. 
389 (p. 573) ; synsacrum. Fig. 390 (p. 574) ; skull. Fig. 391 (p. 575) i Neomithes, skull, Fig. 392 
(P- 576) ; hyoid apparatus. Fig. 393 (p. 576) ; columella. Fig. 394 (p- 577) ; fore-limb. Fig. 395 
(p. 577) ; manus. Fig. 396 (p. 578); pelvic girdle. Fig. 397 (p. 578); hind -limb. Fig. 398 (p. 579); 
pes. Fig. 399 (p. 580); musculature, Fig. 400 (p. 581); visceral relationships. Fig. 401 (p. 584); 
trachea, bronchi, and lungs. Fig. 402 (p. 586) ; air-sac relationships. Fig. 403 (p. 587) ; lungs and 
air-sacs. Fig. 404 (p. 588); heart and large vessels. Fig. 405 (p. 589); blood vascular system; 
Fig, 406 (p. 590) ; brain and cranial nerves. Fig. 407 (p. 592) ; brain. Fig. 408 (p. 593) ; eye. 
Fig. 409 (p. 594); audio-equilibration. Fig. 410 (p. 595); male urinogenitalia. Fig. 41 1 (p. 596), 
female urinogenitalia. Fig. 412 (p. 596); cloacal region. Fig. 413 (p. 597). 
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SUB-OLASS AROBUBORNITHES 

ArcfMBopteryx (and the reptile RhamphorhynchuBf Fig. 414 (p. 599); ArehcBopteryx 
(Berlin specimen in situ). Fig. 415 (p. 600): skull, Fig. 416 (p. 601); manus, Fig. 417 (p. 601). 

SUB-CaiiASS NEORNITHES 

tfesperomis and iehthyomis^ Fig. 418 (p. 603); skeletons. Figs. 419-420 (pp. 604-605); 
JDinomis and Apteryx, Fig. 421 (p. 608); Eudromia (Tinatnu), Fig. 422 (p. 609); Ap^ 
tenodytes and parental care, Fig. 423 (p. 61 1); Map: adaptation and geographical distribu- 
tion, Fig. 424 (p. 612); Diatrynui, Fig. 425 (p. 616). 

General Organisation of Neomithes: Rostral and associated specialisations, Fig. 426 (p. 621); 
clawed wings of, Optsthocomue, Fig. 427 (p. 622) ; pedal specialisations. Fig. 428 (p. 623) ; 
adaptation to lily lagoons. Fig. 429 (p. 624) ; toilet comb (of bittern. Boiaurus, Fig. 430 (p. 
625); Casuarfus, feather construction. Fig. 431 (p. 627); avian sternum and pectoral articula- 
tion. Fig. 432 (p. 629); Apteryx, skull. Figs. 433-434 (PP- 630-631); Anas, skull. Fig. 435 
(p. 631) ; PsittaoidfiB, cranio-facial hinge. Fig. 436 (p. 632) ; Apteryx, shoulder girdle. Fig. 437 
(P- 633) ; avian embryonic fore-limb showing digits. Fig. 438 (p. 634) ; Apteryx, pelvic girdle. 
Fig. 439 (p. 634); hind-limb and pes. Fig. 440 (p. 635); Cecinus (woodpecker), feeding 
specialisations. Fig. 441 (p. 636); CoHocalia (swiftlet), salivary glands. Fig. 442 (p. 637); 
OruH (crane), vocal specialisations. Fig. 443 (p. 638) ; Cyanochen (goose), vocal specialisations. 
Fig. 444 (p. 639) ; Botaurus (bittern), adaptation to reed -beds. Fig. 445 (p. 641) ; avian tactile 
bristles. Fig. 446 (p. 643) ; development. Figs. 447-451 (pp. 646-650). 

CLASS MAMISALIA 

Example of Class: Oryctotagus cunieulus (Rabbit). Vertebra, Fig. 452 (p. 656) ; skull. Figs. 
453-454 (pp- <55^-659) ; jaw musculature. Fig. 455 (p. 662) ; fore-arm and carpus. Fig. 456 (p. 
664); sacrum, Fig. 457 (p. 665); pes. Fig. 458 (p. 666); head, neck, and thorax. Fig. 459 (p. 
667) ; nasal region. Fig. 460 (p. 668) ; visceral relationships. Fig. 461 (p. 669) ; heart and great 
vessels. Fig. 462 (p. 671); blood vascular system. Fig. 463 (p. 673); cardiac region and thor- 
acic duct (of Homo), Fig. 464 (p. 676); larynx. Fig. 465 (p. 677); thoracic relationships, Fig. 
466 (p. 677) ; brain, Figs. 467-468 (pp. 678-679) ; urinogenitalia. Fig. 469 (p. 684) ; internal 
genitalia of female, Fig. 470 (p. 685); placentation, Fig. 471 (p. 686). 

SUB-CLASS PROTOTHERIA 

Priacodon, skull. Fig. 472 (p. 687); Ornithorhynchus, whole animal in habitat. Fig. 473 
(p. 6K9); Tachygloasus, whole animal in habitat. Fig. 474 (p. 690); Ornithorhynchus, 
cephalic anatomy. Fig. 475 (p. 691); buccal apparatus. Fig. 476 (p. 691); manus and pes, Fig. 
477 (P- 692) ; poison apparatus, Fig, 478 (p. 693) ; eggs. Fig. 479 (p. 693) ; mammary glands, 
cloaca and tail. Fig. 480 (p. 694) ; dentition. Fig. 481 (p. 695) ; Tachyglossus, cephalic anatomy. 
Fig. 482 (p. 695) ; manus and pes. Fig, 483 (p. 696) ; Ornithorhynchus, endoskeleton. Fig. 484 
(p. 697) ; Tachygloasus, skull. Fig. 485 (p. 698) ; Ornithorhynchus, scapula. Fig. 486 (p. 
699): Tachygloasus, female urinogenitalia. Fig. 487 (p. 700); reptilian and monotreme 
affinities shown in male urinogenitalia, Fig. 488 (p. 701). 

SUB-CLASS ALLOTHERIA 

Order Multituberoolata: Tomiolabidive, skull. Fig. 489 (p. 702). 

SUB-CLASS THEBIA 

Order Dryolestoidea: Amphitherium, lower jaw. Fig. 490 (p. 703), 

Map: animal distribution, continental connections, Fig. 491 (p. 705); Map: faunal regions. 
Fig. 492 (p. 706). 

Order Marsupialia: Tree-kangaro<^. Bendrolagus, Fig. 493 (p. 707); Water Opossum, 
Chironeetea, Fig. 494 (P- 711); Tiger ‘Cat', Basyurops, Fig. 495 (p. 713); Tasmanian 
'Wolf', Thylacinus, Fig. 496 (p. 714); Marsupial 'Mole', Notoryetes, Fig. 497 (p. 715); 
Pygmy Glider, Acrohates, Fig. 498 (p. 717); Diprotodon, skeleton. Fig. 499 (p. 718); iVofo- 
therium, skull and dentition. Fig. 500 (p. 718); Thylacoleo, skull. Fig. 501 (p. 7x8); Kan- 
garoo, Macropus, atlas. Fig. 502 (p. 719) ; skeleton. Fig. 503 (p. 720) ; Wombat. Phaaeolomys, 
skull. Fig. 504 (p. 720); Marsupial ‘ Cat *; Dasyurus, skull. Fig. 505 (p. 721); Rock Wallaby, 
Petrogale, skull. Fig. 506 (p. 721); Possum, Trichosurus, hind-leg and pes. Fig. 507 (p. 
722) ; Macropus, pes, Fig. 508 (p. 723). 

Order Lipotsrphla: Solenodon, Fig. 509 (p. 728); Golden Mole, Chrysoehloris, Fig, 510 (p. 
729); Tenrec, Centetes, skull. Fig. 51 1 (p. 730); Mole, Talpa, sternum and girdle. Fig. 512 
(P- 730); fore-arm and manus. Fig. 513 (p. 731). 

Order Menotyphla: Tree-shrews. Tupaia, Fig. 514 (p. 732) ; Ptiloeereus, akuU, Fig. 515 (p. 
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Order Primatee: Lemur. Fig. 516 (P- 737 ): skull and dentation. Fig. 5*7 |p- 738 ), Peto- 
(p. 739 ) : Fig. 319 (P- 740) : skuU and ^titaon ftg. 520 ^4*) 1 

faces oTpiat^hine (i*^) and Catarrhine (Macaco) compared, F«. 521 (p. 742) ; doHIla, 
Sff %22fD 74S)- iawstructuresofGoraiaand/lomocompared, Fig. 323 {p. 746); Homo, 
fkuil Fie 524 (P. 749 ); skeletons of Homo and Uylobutee comp^. Fig. 525 (p. 751); 
Fopto. clrpus? Fig. 526 (p. 752) ; Feet of Homo, GoHIto and Fonffo, Fig. 327 (p. 733). 

Order Dermoptoa: Oolngo, Cynocephaiua, Fig. 328 (p. 734). 

Order Fruit-bats, Pteropua Fig. 329 (p. 755 ): feeding adaptations of Uem- 

chiroptera. Fig. 330 (p. 737): Pteropua, skeleton. Fig. 331 (p. 739). 

Order Edentata: Fairy Armadillo, Chlamypherua, Fig. 332 (p. 762) : Three-banded armadillo 
Tolupeutea, Fig. 333 (p. 763); defensive mechanism. Fig. 534 (p. 764); OtpptoOtm, skeleton. 
Fig (p. 764) : Mplodon, skeleton. Fig. 336 (P- 763) : Anteaters, Mpranmeephamu, Fig. 537 
(p 766) and Tamandua, Fig. 338 (p. 767): Three-toed sloth, Bra« 4 o>Ma, Fig. 539 (p. 768); 
whole skeleton, shoulder girdle, manus, pes, skull. Figs, 340-344 (pp. 769-770); Duaypua, 
skull. Fig. 345 (p. 770): Myrmeeophaga, skull. Fig. 346-347 (pp. 770-771); Doaypua, 
shoulder-girdle. Fig. 548 (p. 771); pelvis and sacrum. Fig. 349 (p. 772). 

Order Phididota. Pangolin, Manta, Figs. 550 - 55 * (P- 773 ). 

Order Bodentia. Rattua, jaw musculature. Fig. 552 (p. 776); Molar dentition inVodents, 
Fig. 553 (P- 777 ). 1 

Older Cetacea: Whale-bone (Babenoplera) and toothed (OrcIntM) whales. Fig. '354 (p. 
780); skuU of Protoeetua, Fig. 555 (p. 782); Baailoaaurua. skeleton; Fig. 556 (ji. 782); 
evolution of blow-hole. Fig. 557 (p. 782) ; \eobaltena, baleen and tongue sieve mechanism. 
Figs. 558-559 (pp. 785-786) : RaUena, vertebrae. Fig. 560 (p. 786) ; porpoise, Phoeeena, skeleton. 
Fig. 361 (p. 787); BaUenoptera, sternum. Fig. 562 (p. 788); dolphin, Olobieepkata, skull. 
Fig. 563 (p. 788) ; hyperphafangy. Fig. 5O4 (p. 789). 

Order Carnivora: Creodont and fissipede dentition compared. Fig. 565 (p. 793); Dentition in 
modem caumivores. Fig. 566 (p. 794): Cheetah. Aet$$OHtfr, Fig. 567 (p. 795): dentition of 
Sabre-tooth (Smtlodon) and true Cat (Metailur$ta) compared. Fig. 568 (p. 7«>6) ; Seal, Phoeo, 
skeleton. Fig. 569 (p. 798); Cania, dog, skull, Fig. 570 (p. 799): Fella, tigw. auditory bulla. 
Fig. 571 (p. 799); Vraua, bear, auditory bulla. Fig. 572 (p. 800); carpus. Fig. 573 (p. 800). 

Order Condylarthra: Hyopaadua. skull. Fig. 574 (p. 802); Phenaeodua, Fig. 575 (p. 803). 
Order Tnlralidentata: Aardvark, Orycteropua, Fig. 576 (p. 804). 


Order latavtema: Diadtaphorua, Fig. 377 (p. 805). 

Order Notonngnlata: Toxodon, jaw. Fig. 578 (p. 806) ; Homalodothertum, skeleton. Fig. 379 

(p. 806). 

Order Astiapottieria; Astrapotherium^ skeleton. Fig. 380 (p. 807). 

Order Hyracoidea: Rock Hyrax, Procavia^ Fig. 581 (p. 809); skull and dentition, Fig. 582 
(p. 810), 

Order Embriihopoda: Arsinoitherium^ Fig. 583 (p. 8x1). 

Order Proboscidea: Hairy mamnioth. Elepham. Fig. 584 (p. 812); Maoxodonia^ African 
elephant, skull pneumatisation. Fig. 383 (p. 813); Moeritheriuvn^ skull and dentition. Fig. 
386 (p. 814); PaUBomantodon^ skull and dentition. Fig. 387 (p. Si 3); Deinothmrimniy Fig. 
388 (p. 816); skull and dentition. Fig. 589 (p. 817); Dentition of African (iAtxodonUi) and 
Indian (El^has) elephants compared. Fig. 390 (p. 817). 

Order Pantodonta. Carpphodon, Fig. 391 (p. 818). 

Order Dinoooata. Uiniatherium^ Fig. 392 (p. 819); dentition of Viniaiheriidaf Fig. 39^ 

(p. 820). 


Order Sirenia: Manatee. Triehechum^ Fig. 394 (p. 821); i>ugonga skeleton. Fig. 595 (p. 822); 
Trichechus, skull and dentition. Fig. 596 (p, 823). 


Order Perissodaetyla: Phylogeny and distribution of horses (Equidae), Fig. 597 (p. 827); limbs 
and teeth. Fig. 598 (p. 828) ; Brontopa^ Fig. 599 {p. 832) ; TupiruBy and young. Fig. 600 (p. 
834); Baluehitherium, Fig. 601 (p. 835). 


Older Artiodaetyla: Hippopaiamuay Fig. 602 (p. 838). 

General OrgaiDdlsation of Maininalia; Hair, Fig. 603 (p. 841); tactile vibrissas, Fig. 604 (p. 842); 
hair-tracts. Fig. 605 (p. 843); claw structure. Fig. 606 (p. 845); pes of Tnraiuaf Fig, 607 (p- 
040) ; cutaneous glands and olfactory signals. Fig. 608 (p. 847) ; territory establishment m 
Ungul^, Fig. 609 (p. 848) ; mammalian skull (relationships of principiu bones). Fig. 610 (p 
strocture. Fig. 61 1 (p. 853); hyoid apparatus. Fig, 612 854); cranial modi* 

'^1* primitive plantigrade limW of Carnivora, ¥ig. 6x4 (p* 857); con* 
gence m cursorial adaptations. Fig. 615 (p. 858): paraxonic camus and tarsus. Fifi. bi6 
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(p. 859); mammalian limb structures. Figs. 617-624 (pp. 860-861); tooth structure, Fig. 625 
(p. 863) ; deciduous and permanent dentition of Canim, Fig. 626 (p. 864) ; Homodont dentition 
of dolphins (in JLagamorhynchua)^ Fig. 627 (p. 865); marsupial dentition (in Peromefoa), 
Fig. 628 (p. 865); Cope-Osbom theory of tritubercular origin of molars. Fig. 629 (p- 866); 
skull and dentition of Phaacotaretoa, Fig. 630 (p. 869}; dentition of Macropua, Fig. 631 
(p. 870) ; skull and dentition in Sarcophiluap Fig. 632 (p. 870) ; dentition of indelphya. Fig. 
b33 (p. 871) ; dentition of Oryeieropuaf Aardvark, Fig. 634 (p. 871) ; dentition of SuSf pig. 
Fig. 635 (p. 872) ; skull and dentition of Equua, horse. Fig. 636 (p. 873) ; foetal jaw and teeth of 
Right Whale, BaUenoptera^ Fig. 637 (p. 874); pharyngeal region of Man, Fig. 638 (p. 877); 
rumination and digestion in Eutherians, Fig. 639 (p. 878) ; marsupial digestion. Fig. 640 (p. 879) ; 
brain of Taehygioaaua (Spiny Ant-eater). Petrogaie (Rock Wallaby). Omitharhynehua^ 
(Platypus) Maeropua (Kangaroo), Kogia (Whale), Figs. 641-646 (pp. 885—886); female exter- 
nal genitalia of Lemur, Fig. 647 (p. 890) ; female urinogenitalia in Metatheiia, Fig. 648 (p. 891) ; 
in Eutheria, Fig. 649 (p. S92) ; external genitalia in Crocuta croeuta. Spotted Hysena, Fig. 
650; (p. 893) internal genitalia in C. crocuta. Fig. 651 (p. 894) ; development and placentation 
in Eutheria, Figs. 652-656 (pp. 900-904), Metatheria, Figs. 657-658 (p. 906) ; relative size of 
blastula in eutherian and monotreme. Fig. 659 (p. 907) ; mammary feetus of Maeropua, Fig. 
660 (p. 907). 
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INTRODUCTION 



I HE chordates exhibit an astonishing diversity of form, physiology, and 
habit. The phylum includes such apparently unrelated animals as, for 
example, sea-squirts and Man. The creatures which fall into this great 
group are characterised essentially by the possession, at some stage of their life, 
tof one or more of the three fundamental structures which, along with other 
features, appear to reveal their common ancestry. These structures are as 
;>llows : 

1. The choria dorsalis or notochord. From this structure the phylum takes 
ts name. It occurs in the embryo of most chordates as a long, flexible cord of 

^ecialised, vacuolated cells extending from head to tail along the dorsal mid- 
line. It lies between the alimentary canal and the dorsal cord of the central 
liervous system. In lower chordates, such as the Tunicata and Cephalo- 
i^orda, the notochord' is developed directly and unmistakably from the endo- 
|erm and, in the Adelochorda, a notochord-like structure remains permanently 
iji continuity with that layer. In the Craniata, however, its origin is not so 
Ignite : it may originate from cells that are not obviously of endodermal 
'H^vation. Sometimes it is enclosed in a firm sheath and forms a stiff, but 
«||eistic, structure which supports the neighbouring single, hollow, fluid-filled, 
^n-ganglionated nerve-cord. In the Craniata, with a few exceptions among 
)wer forms, the notochord is replaced more or less completely in the adult 
a segmented cartilaginous or bony axial structure, the vertebral colunm. 
vertebrates, traces of the notochord often remain in the adult as vestiges 
gelatinous material in the spaces between the centra of the replacing 
tebrae. 

2. The branchial clefts. Visceral clefts constitute another almost universal 
iture of the Chordata. They occur as a paired series of perforations 
>m the pharynx, an anterior section of the alimentary canal, to the lateral 

face of the body. Within these clefts are the gills in many aquatic animak 
the creatures equipped with lungs, branchial clefts or branchial grooves are 
rays found in the embryo. In the adults of vertebrates, the brandnal 
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apparatus is sometimes, as ive shall see. converted to endocrine and other 
functions. In the more lowly members of the Chordata the branchial apparatus 
is used also as a feeding mechanism. 

3. The dorsal , tubular, fluid-filled central nervous system, anteriorly differenti- 
ated into a brain in advanced forms, is another structure common to most 
chordates in the larval or later stages of their development. 

The Chordata are coelomate animals. In the lower sub-phyla the coelom 
develops in essentially the same way as in the Echinodermata, the Chaetognatha, 
and the Brachiopoda, i.e. by direct outgrowth from the archenteron. In the 
Craniata, this enterocoelic origin of the body cavity is no longer definitely 
traceable, although in some cases indications of it may be detected. 

In the Tunicata the body is not segmented, though faint indications of serial 
repetition of parts are visible in certain groups. In the Adelochorda tl^re is a 
division of the coelom into three parts, each occupying a definite region! of the 
body. This has led sometimes to the view that these animals arc tri-segmented. 
In the Cephalochorda and Craniata there are numerous segments (see p. 161). 

There has been considerable controversy concerning the period and mode of 
origin of the Chordata. Lower chordate forms have been discovered in Cam- 
brian strata (see Table i, p. 3). Indisputable vertebrate relics (e.g. fish-scales) 
are known from Ordovician deposits more than 400 million years old. No 
general agreement has been reached, but today more and more people tend to 
accept Garstang’s suggestion that the Chordata maj" have evolved from free- 
swimming auricularian larvae partly by means of paedomorphosis. This is 
evolutionary change involving the retention, in the sexually mature descendant, 
of characters that occurred in younger stages of the ancestor. It is now con- 
sidered certain that paedogenesis (reproduction in a pre-adult form) has been 
a powerful influence in the elaboration of at least some animal types. 
‘Ontogeny’ wrote (iarstang in 1922 (in reference to this and the .so-calletl 
Biogenetic ‘Law’ of Haeckel) ‘does not recapitulate Phylogeny : it creates it 

Clues to the origin of vertebrates have been sought by men ever since the 
dawn of evolutionary thought. It was natural to seek them among the inverte- 
brates, both the living and the extinct, and various possibilities have been 
suggested. How^ever, the adult forms of most, if not all, diploblastic or 
triploblastic invertebrates are so specialised as to general form, and especially in 
regard to the situation and structure (with imposed physiological limitationii! 
of their individual organ systems, that it is difficult or impossible to imagine 
them as ancestral to the Chordata. 

Towards the end of the last century Garstang and Willey looked for possihli 
chordate progenitors in the youthful stages of various invertebrate animals 
They produced suggestive information that the evolution of ancestral chordat* 
forms from the larvae of echinoderm-like animals is by no means impossible 
Although echinoderms and chordates exhibit striking similarities in earl’ 
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Table I. Ages in millions of years of geological periods and epochs, as estimated approximately, 
by various workers (modified after Young). ^ 



/ Pleistocene . 
^Pliocene 
^diocene 
^Dligocene 
|| Eocene 
^"Palaeocene . 

I'" 

^ Cretaceous . 

Jurassic 

^'^•Triassic 

"-'Permian 

'^Carboniferous 

f /t^|;>evonian 
Silurian 
Ordovician . 
3 ? Cambrian 


Holmes 

Schuchert 

and 

Compro- 

mise 

Time 
since 
begining 
of period 

Sediment 

thickness 


Dunbar 

adopted 

(000 ft.) 


/development, and agree in other features as well, the adult forms of the various 
,^ar-fishes and their allies are organised with such peculiarity and complexity 
)|hat at first sight such a hypothesis might seem utterly invalid. But if we 
•Ifollow Garstang's proposition that a series of changes may have taken place in 
J^rimitive echinoderm larvae that were not unlike today's auricularians, we have 
succession of pictures that must carry weight with anybody who approaches 
||he problem without prejiudice. Garstang pointed out that the ciliated bands 
JMnd underlying nervous tissue of a larval form might become accentuated and 
'^sed to form the forerunner of the dorsal neural tube. Such a view is free 

t m the powerful objections that can legitimately be raised against attempts to 
isider that a dorsal nervous system might be derived from the nerv’^ous tissues 
adult invertebrate and, in addition, it is not at variance with the principle 
jrf neurobiotaxis, which insists that a concentration of nervous material evolves 
7 ^ the area of maximum environmental stimulation. Among other changes, 
was suggested that the ciliated adoral band feeding-mechanism could become 
le endostyle which is a characteristic of the protochordates (see p. 24). It 
1 be recalled, too, that in the auricularian a pore brings the body cavity into 
munication with the external environment, and that this pattern is repeated 
various lower chordates. 'If the nervous system and endostyle are formed 
,/v®lhe way suggested, all that is required to turn the echinoderm larva into a 
l^fcrdate is the formation of the notochord and the piercing of the gill-slits' (de 
^Bp^r). It has to be recognised that such hypothetical changes are radical, and 

^ The term Liassic (or Lias) is often applied to a richly fossiliferous blue limestone deposit in 
^||K Lower Jurassic. In North America the Carboniferous is divisible into upper Mississippidh 
lower Pennsylvanian periods. 
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no convincing explanation of their development has as yet been given. It is, 
however, logical tentatively to assume that the modified larval form proposed 
above could become sexually mature and that the neotenous animal which 
resulted may have been the ancestral stock from which today's chordates 
evolved. 

Neither has any general agreement been reached as to the most appropriate 
classification within the Phylum Chordata. In the present volume its members 
will be considered in the following broad grouping : 

Sub-phyla Adeloehordata (Hemiehordata) 

Tunieata (Uroehordata) 

Aerania (Cephaloehordata) 

Cranlata (Vertebrata) 

Members of the first three of the above groups are usually referred to as the 
Protochordata, although, as we shall see, all authorities do not unquestionably 
adnut the Adelochorda as chordate animals. Some hold that they should' 
occupy a phylum to themselves. It has to be remembered that although the 
notochord is clearly homologous in the Tunieata and Aerania, such homology 
has certainly not been established with complete assurance in the Adelochorda. 
However, in the Adelochorda there occurs an endoskeletal element which 
develops as an outgrowth from the antero-dorsal part of the gut into the pro- 
boscis, and this proboscis diverticulum may perhaps be a truly notochordal 
structure. Again, all protochordates except Rhabdoplmra (Adelochorda) 
(p. 19) possess lateral pharyngeal perforations at some stage of development. 
However, in other Adelochorda such perforations not only occur, but also 
undergo multiplication by a characteristic method, involving the dorsal down- 
growth of dividing ‘tongue-bars'. An identical means of multiplication is 
found in Aerania, and traces of the method may be discerned in young stages of 
certain Tunieata. The nerve cord is constant in its origin in all chordates in 
that it arises from the median dorsal ectoderm. In Adelochorda, the Ptero- 
branchia lack a neuroccele, but Enteropneusta possess, in part of the dorsal 
nerve cord, either a neuroccele or vestigial cavities. Again excepting the 
Adelochorda, all chordates (and only chordates) possess at least some elements of 
a true tail which, without viscera, nevertheless contains muscular, nervoxis, and 
notochordal elements. (In the Craniata, including Man, it contains vertebrae.) 

In addition to the morphological evidence of affinity briefly presented 
above, it is noteworthy that chordates utilise in their muscles a phosphagen 
that is a compound of the amino-acid creatine and not, as in the case of most 
invertebrates studied, a compound of arginine. Both forms of phosphagen 
have been reported in the Adelochorda, Tunieata and certain of the Echino- 
dermata. At the same time, too much should not be made of this, since the 
creatine compound has recently been demonstrated in many polychsetes. 
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whilst other polychaetes possess arginine compounds. There is up to the present 
little other biochemical evidence of possible affinities. 


SUB-PHYLUM ADELOCHORDATA (HEMICHORDATA) 

T he Adelochorda fall into two groups. The first, the Class Enteropneusta, 
is composed of worm-like, simply-organised burrowing marine animals 
such as Balanoglossus, Glossobalanus, Ptychodera, and Saccoglossus. The 
second group, the Class Pterobranchia, includes only three genera., Cephalodiscus, 
Rhabdopleura, and Atuharia. These, too, live in the sea. They are colonial 
and sedentary. The two classes have in common the peculiar structure of the 
stomochord (presumed notochord), the division of the body into three regions 
(which are sometimes looked upon as representing three segments), and certain 
other features. 

CLASS ENTEROPNEUSTA 

Balanoglossus,^ the so-called acom-worm, may be used as a convenient 
type. 

External Charaeters and Ccelom. — Balanoglossus (Fig. i) is a soft-bodied, 
cylindrical, superficially worm-like animal. Much of its surface is ciliated. 
The size varies extremely in the different species, some being only 2 or 3 centi- 
metres long while other species grow to a length of 2^ metres. It is divisible 
into three regions. In front there is a large muscular, generally ovoid proboscis 
(prob.), with a small axial cavity. Immediately behind the proboscis and en- 
circling its base is a prominent fold — the collar {col.). The third region or trunk 
is long and nearly cylindrical, but somewhat depressed. The degree of 
flattening varies between species. 

Balanoglossus lives in the sea, usually in shallow water, burrowing in sand 
or mud by means of its proboscis. One species has been found swarming on 
the surface of the sea. Numerous glands in the integument secrete a viscid 
matter to which grains of sand adhere in such a way as to form a fragile 
temporsry tube. The proboscis (Fig. 3, p.) has thick muscular walls and its 
cavity the proboscis-ccelom (p. c.) opens to the exterior usually by a single minute 
aperture — ^the proboscis-pore {p. p.). Occasionally two such apertures are 
present. In some species the proboscis-pore does not communicate with the 
proboscis-coelom, but terminates blindly, and may send off a narrow tubtilar 
diverticulum which opens into the neurocoele. The narrow posterior part or 
‘neck’ of the proboscis is strengthened by a layer of cartilage-like or chondroii 
tissue, which supports the blood-vessels. The collar is also muscular. It may 

^ The name Balanoglossus is used here as a general designation rather than as a strictly 
generic name. 
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Fig. I.— Order EnteiopneasU, Family reeioT i!u. reg. 

branchial apertures; br. reg. branchial region; to/, cdlar; "C’ri^teenit^ ridges- med. 
intestinal region; med. dor. gr. median dorsal groove pre^. cil. 

dor. n. median dorsal nerve; ces. reg. cesophageal region, i — posterior 

organ, pre-oral ciliary organ ; prob, proboscis; vent. 1. mus. ventral longitudina . P 

limit of hepatic region. (Drawn by C. Burden- Jones.) 
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contain one or two coelomic cavities. When two are present, the right and left 
cavities are separated from one another by dorsal cind ventral mesenteries. 
They are completely cut off from the proboscis-cavity. The collar cavity {c. c.) 
and also that of the proboscis (p. c.) are crossed by numerous strands of con- 
nective tissue which give the region a spongy appearance. The collar-cavity 
communicates with the exterior by a pair of collar-pores, and short ciliated 
tubes (canals) leading into the first gill-pouches. 



Fig, 2.- Balanoglossus: The in its borrow. Locomotory power is concentrated in 

the proboscis, collar and ventral ciliary band. As Saccoglossus burrows, fine muddy sand is 
swallowed. From this organic material is extracted. Inorganic and organic residues resembling 
Worm-castings are voided through the anus. (Redrawn after C. Burdon- Jones.) 

'/ 

S’ On the dorsal surface of the anterior part of the trunk is a double row of 
small pores — the branchial apertures (Fig. i, br, ap.). Each row is situated in 
a long furrow. These pores increase in number during growth. In some 
species the most anterior are overlapped by a posterior prolongation of the 
collar called the operculum. A pair of longitudinal genital ridges extends 
throughout a considerable part of the body behind and, in the region of the 
branchial apertures. They contain the internally situated gonads. These 
ridges are so prominent in some of the genera as to form a pair of wing- 
like lateral folds (Fig. 4, g.), but in other genera they are absent. Behind the 
branchial region in some genera are two rows of prominences formed by the 
lepatic caeca. The trunk is irregularly ringed. This annulation, which is 
intirely superficial and does not correspond to an internal segmentation, is most 
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strongly marked posteriorly. The coelom of the trunk is divided into two 
lateral closed cavities by a vertical partition {dorsal and vetdral mesenteries, d. m 
and Fig. 4). 



Fic. 3.— BaUaoKlouns; 
SaeeogtoB9UB, Median sagittal 
section of anterior end showing 
.general details of anatomy. 
c. c, collar-coelom; c. e. ciliated 
epithelium; r. m. circular 
muscle; c. s. cardiac sac; d /. s. 
collar-trunk septum; d. ti m. 
dorsal longitudinal muscle; b. n. 
dorsal nerve thickening ; d, n. /. 
dorsal nerve fan ; d, r. p. doirsal 
respiratory pharynx; d. s. dor- 
sal sinus or * heart * ; d. r. dor^l 
blood vessel; e,n. p, epidermal 
nerve plexus; g, gill-pore; g.h. 
gill-bar; gl. glomerulus; g. p. 
gill-pouch; i. f. w. inner ring 
musculature of collar; /. m. 
longitudinal muscle band ; 
/. m. c. longitudinal muscles of 
collar; m. mouth; n. c. neuro- 
cord and neurocoele; o. r. iti. 
outer ring musculature of collar ; 
p. proboscis; p, c. proboscis- 
coelom; p. d. buccal diver- 
ticulum; p, p. proboscis pore; 
p. 0. preor^ ciliary organ ; 
p. o. n. nerve thickening as- 
sociated with ciliary organ; 
p. sk. proboscis skeleton; I. 6 . 
tongue bar; w. n, ventral nerve 
thickening; v. n. p. ventral 
nutritive pharynx; v. s, ventral 
septum; v. t. t. vcntro-lateral 
muscle l^nd of left side of trunk. 
(Drawn by C. Burdon- Jones.) 


Alimentary Canal and Associated Stmetorcs. — ^The mouth (Fig. 3, #».) is 
situated ventrally at the base of the proboscis, within the collar. Into the 
dorsal half of the anterior portion of the alimentary canal open the internal 
gill-slits. Each of these is in the form of a long narrow U, the two limbs 
separated by a narrow process — ^the tongue-bar {t. d.)— 'Omtaining a prolonga- 
tion of the body-cavity. In most of the Enteropneusta the internal gill-slits 
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ead into gill-pouches. These in turn communicate with the exterior by the gill- 
3ores. In the genus Ptychodera (Fig. 4), however, there are no gill-pouches ; 
the U-shaped gill-slits lead directly to the exterior. The bars between the gill 
slits have skeletal supports each of which is composed of a number of parts. 
Each consists of a dorsal basal portion and three long narrow rods. One rod 
is median and two are lateral. The median one, which is bifurcated at the 
end, lies in the septum or interval between two adjoining gill-sacs. The two 
lateral rods lie in the neighbouring tongues. In most species a number of trans- 
verse rods — the synapticulce — 
connect together the tongues and dv in 

the adjoining septa, and are sup- 
ported by slender processes of the 
skeleton. 

The remainder of the ali- 
mentary canal is a nearly straight 
tube, giving off, in its middle 
part, paired hepatic cesca, which 
^mainly in the Ptychoderidae) 

^ulge outwards in the series of 
rtextemal prominences already 
^mentioned. Posteriorly it termi- 
nates in an anal aperture situated 
at the posterior extremity of the 
body. In the posterior part of 
, its extent in some Ptychoderidae 
i the intestine presents a ventral 
i median ridge-like outgrowth of 
: its epithelium — ^the pygochord. 

1, Throughout its length the intes- 
I’^ine lies between the "dorsal and 
.^ventral divisions of the vertical partition. These act as mesenteries. 

Food particles are driven backwards towards the mouth by the action of 
I. cilia on the proboscis. Some are swept directly into the mouth with the so- 
called respiratory current. This is caused mainly by lateral cilia on the sides 
of the gill-bars. These drive water outwards through the branchiad apertures 
and so more fresh water is continually drawn in through the mouth to replace 
that which is driven out. Other particles of food, silt and samd are entrapped 
by mucus secreted from the surface of the proboscis. This mucus, with its con- 
tents, is drawn into the alimentary canal, partly by the respiratory current and 
partly by the action of dlia which line the buccal cavity and the gut generally. 
Immediately anterior to the mouth, on the postero-ventral surface of the 
proboscis, is a special ciliary organ (Fig. 3, p. 0.), equipped sensory odls. 



Fig. 4. — Balanoglosm: Plj/ehodera. Trans- 
verse section of the branchial region in : 6. branchial 
part of alimentary canal; b. c^, coelom of trunk; 
(i. ni. dorsal mesentery; d. n. dorsal nerve; d. v. dor- 
sal vessel ; e. epidermis with nerve layer (black) at 
its base; g. genital wing; g. p. branchial aperture 
(gill-pore) encroached upon by tongue (f) ; /. lateral 
septum; m. longitudinal muscles; o. digestive part 
of pharynx; r, reproductive organ; t. tongue; v. 
ventral mesentery and ventral vessel; v. n. ventral 
nerve. (From Harmcr, after Spengel.) 



10 


ZOOLOGY 


A sample of the particles which enter the mouth passes over the surface of this 
organ. The sand or mud, which is taken into the gut, is eventually passed out 
at the anus as castings. These can be seen on the surface of the sand in a form 
resembling that of earth-worm castings (Fig. 2). 

A series of pores {gastro-cutanems pores), variously arranged in the different 
genera, connect the alimentary canal with the surface. They are unciliated, but 
probably represent vestigial gill-openings, retained, as passive drainage chan- 
nels, at the posterior limit of the pharynx which has been modified to perform 
muscular movements, concerned with compacting the ingested sand and food. 

Proboscis or Buccal Diverticulum (Stomochord). The dorsal wall of the 
part of the digestive canal immediately following the mouth gives off a diverti- 
culum (Fig. 3, p. d.) that runs forward some distance into the basal part of th^ 
proboscis after giving off a short ventral branch. The diverticulum contains 4 
narrow lumen, and its wall is composed of a single layer of long and very narrow' 
cells, each of which contains a vacuole. This layer of cells forming the wall of 
the diverticulum is continuous with the epithelium of the digestive canal 
itself, the cells being somewhat modified by the presence of the vacuoles. The 
diverticulum, because of its structure, and its relations, is sometimes regarded 
as representing the notochord of the typical Chordata. The restricted form of 
the notochordal structure may be related to the animal’s principal mode of 
locomotion. There is little doubt that a notochord extending right along the 
body would be disadvantageous in an animal which moves by thrusting out its 
proboscis and next drawing forward its body since it would hinder changes in 
length. There is no trace of the flexural movements associated with the 
presence of the notochord in typical chordates. Cilia also help Balanoglossus 
in its locomotion. 

In close relationship with the diverticulum on its ventral surface is the 
remarkable proboscis-skeleton {p. sk.). This consists of a median part of an 
hour-glass shape, and with a tooth-shaped process, bifurcating behind into two 
flattened bars which lie on either side of the buccal cavity. 

Blood-vaseular System.— This has dorsal and ventral longitudinal trunks. 
The dorsal vessel {d. v.) lies above the stomochord, and ends anteriorly in a sinus, 
the dorsal sinus or heart {d. s.). This is situated in the posterior part of the 
proboscis, in close contact with the stomochord. From the posterior part of 
the sinus is given off a vessel which bifurcates to supply the proboscis. In 
communication with the sinus in front are a number of vessels forming a 
plexus, the glomerulus {gl.). This is a complex organ, possibly excretory, 
situated at the anterior end of the proboscis diverticulum. From the posterior 
end of the glomerulus on each side there passes backwards an efferent vessel 
which breaks up into a plexus. The two plexuses commimicate with the 
ventral vessel enabling venous return. A closed cardiac sac (c. s.) envelops 
the dorsal side of the sinus. Its ventral wall is equipped with muscle fibres. 
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and it has been observed to contract rhythmically, assisting the circulation 
of the blood. Its muscles are too feeble, however, to have more than a local 
effect. Similar fibres, presumably muscular, are associated with the dorsal and 
ventral vessels throughout the length of the trunk. These vessels lie in the 
dorsal and ventral mesenteries. The fibres, which run more or less vertically 
in contact with the mesenteries, are formed by the adjoining mesoderm 
cells. 

Nervous System. — ^This in some ways resembles that of the Echinodermata. 
It consists of dorsal and ventral strands {d. «., v. «.) which extend throughout 
the length of the body. These are merely thickenings of a layer of nerve- 
fibres which extends over the entire body in the deeper part of the epidermis 
(Fig. 3). Here and there are giant nerve-cells. The part of the dorsal strand 
which lies in the collar {neurocord) is detached from the epidermis. It contains 
a larger number of the giant nerve-cells than the rest. In some species it 
encloses a canal, the neurocoele, opening in front and behind. In other species 
the neurocoele is a closed canal or is represented vestigially by a number of 
separate cavities («. c.). At the posterior extremity of the collar the dorsal and 
ventral strands are connected by a ring-like thickening, and there is a thickening 
around the base of the proboscis. There are no organs of special sense imless 
the preoral ciliary organ (see p. 9) has this fimction, but certain cells on the 
epidermis of the proboscis and on the anterior edge of the collar may be sensory 
in character. It has been shown that the dorsal and ventral nerve-cords are 
conduction pathways. If one, or particularly both, are severed, and the 
proboscis is stimulated, the contraction of the trunk is interfered with. 
Isolated fragments of the body of Balanoglossus, however, will move reflexly 
away from tactile stimuli or light. 

Locomotion. — This is brought about chiefly by the epidermal dlia {Sacco- 
glossus). The cilia of the trunk are capable of s5mchronised reversal. Ciliary 
movement is reinforced by peristaltic contraction of the longitudinal muscles 
which are under the control of the main longitudinal nerve-cords. The animal 
burrows essentially by peristalsis, and these movements are controlled by the 
dorsal nerve-cord of the proboscis. 

Reptoduetive Oi^ans. — ^The sexes are separate, and often differ in shape and 
colour. The ovaries and testes are simple or branched saccular organs arranged 
in a double row along the branchial region of the trunk and farther back. They 
open to the exterior, each by a single pore. 

Development. — This varies in different species. In some, e.g. Saccoglossus. 
it is comparatively direct, the larvse feeding on yolk and not differing markedly 
from the adults in form. Fertilisation is external. S^mentation is complete 
and fairly r^ular, resulting in the formation of a blastula, which is at first 
rounded, then flattened. On one side of the flattened blastula an invagma- 
tion takes place. The embryo at this stage is covered with short cilia, with 
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a ring of stronger cilia. The aperture of invagination closes and the ecto- 
derm and endoderm become completely separate. Hatching generally takes 
place at about this stage and the larva swims away, elongates, and a trans- 
verse groove (gr.) appears (Fig. 5): the mouth is formed by an invagina- 
tion in the position of the groove. The anus is developed in the position 
formerly occupied by the blastopore. Before the mouth appears, a diverti- 
culum is separated off anteriorly from the archenteron. Its cavity gives rise 


a.t. 

I 



100/1 


Fig. 5. — Ba l a BOgloW M : DatalopoMllt. Left: Embryo of Saccoglossus horsti at hatching stage 
(3b houiapldL;? Right: The same in optical section (fixed and cleared), a. t. apical tuft; or. 
archenteron; ii.gr, blastopore groove; gr. first annular groove; />. c. proboscis coelom ; (. telotroch. 
(After Burdon- Jones.) 

to the coelomic cavity of the proboscis. The paired coelomic cavities of the 
collar and of the trunk are formed as outgrowths, either from the posterior wall 
of the proboscis cavity, or directly from the wall of the archenteron. By the 
appearance of another transverse groove (Fig. 6) the body of the embryo 
becomes divided into anterior, middle, and posterior parts. These are the 
beginnmgs of the proboscis, the collar, and the trunk respectively. The 
branchid region is marked off by the appearance of a pair of apertures, the 
first pair of branchial slits or gill-pores (g. p.). Other pairs subsequently 
devdop behind these. 
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In the species that undergo a metamorphosis the embryo assumes a larval 
form termed Tomarla (Fig. 7). This stage is somewhat like an echinoderm 
lar va ; in fact, it was not until the adelochordate life-history became known 
that it was conclusively proved that the ciliated tomaria was not a larval 
echinoderm. It has a looped ciliated band, sometimes lobed, sometimes pro- 



Fig. 6. — Balanoglossus: Development. Creeping larva of Saccoglossus hotsti at six days. 

Left’. Dorsal view, showing median dorsal reduction of telotroch and continuity of trunk 
coelom into tail. 

Right : Lateral view, showing forward inclination of grooves, complete tri-metamerism of body 
%nd postero-ventral extension of telotroch. 

< 1 . anus; collar; c. g. collar groove; g. />. gill -pore; /*. g. hepatic region of gut; in/, intestine; 
p. proboscis ; p. c. proboscis coelom ; p. g. proboscis groove ; ph. definitive pharynx and oesophagus ; 
/. c, c. left collar coelom ; p. a. t. post-anal tail rudiment; p, c, o. pre-oral ciliary organ; tr. trunk; 
/. c. trunk coelom. (After Burdon- Jones.) 

duced into tentacles, which follows a winding course over most of the preoral 
surface and has a postoral loop round the mouth. This is termed the circum- 
oral ciliated hand [c. b.). Its function is to collect the food, which consists of 
any minute organisms and organic particles that may be suspended in the sur- 
rounding water. Further posteriorly, a ring of large cilia encircles the body. 
This telotroch (t.) is the main locomotor organ. Some forms have an additional 
ring of smaller cilia round the posterior (anal) end. At the anterior end, in the 
middle of the preoral lobe, is an ectodermal thickening, the apic(U plate [a. pi.), 
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containing nerve-cells and eye-spots, and, like the apical plate of a trochophore, 
constituting the nerve-centre of the larva. This disappears in the adult. 
There is a short alimentary canal with mouth and anus. 

At metamorphosis the ciliated bands are lost, the preoral part of the body 
becoming uniformly ciliated to form the proboscis. A constriction separates 
this from the collar. The trunk gradually elongates and the gUl-slits begin to 
appear. In some species the neurocord is formed by the separating off of 
the deeper portion of the ectoderm along the middle line. In others it is 



(a) (b) 

Fig. 7. — Balanoglossus: Developmeiit. Tomaria larva (1*1 '5 mm) of Glossobalanus, Left: 
Lateral and Right: Ventral view: a. anal aperture; a. t, apical tuft of cilia; a. pi. apical plate; 
c b. circumoral ciliated band ; c. c. region in which the collar coelom develops ; c. s. cardiac sac ; 
g. p. position in which gill-pouches develop on the pharynx ; i. intestine ; m. mouth ; p. c. pro^- 
scis ccelom; ph. pharynx; />. p, proboscis pore; 5. stomach; t. telotroch; /. c. region in which 
trunk ccelom develops. (Drawn by C, Burdon- Jones.) 

formed by a longitudinal infolding of the whole thickness of the layer, which 
becomes cut off to form a medullary plate with its edges overlapped by the 
adjacent ectoderm. 


CLASS PTEROBRANCHIA 

Three living genera — Cephalodiscus, Rhabdopleura and Atubaria — occur. 
They are colonial and sedentary, but are nevertheless closely related to the 
Enteropneusta. They resemble them in having the body divided into three 
parts or regions — a proboscis with a proboscis-cavity, a coUar with two collar- 
cavities communicating with the exterior by a pair of collar-pores, and a trunk 
with two distinct lateral cavities. They also have a structure resembling a 
notochord with the same relations to the nervous system as in Balanoglossus. 


PHVT.TTM rHOPDAT 


They all differ from Balanoglossus firstly in having the alimentary car 
bent on itself, so that the anal opening is situated not far from the mouth ai 
secondly, in the presence of arms bearing tentacles arising from the colli 
Cephalodiscus, moreover, has only a sing 


pair of gill-pores. Rhabdopleura lacks sue 
openings, their places being taken, apparent!; 
by a pair of ciliated grooves. Cephalodtsci 



and Rhabdopleura live in associations < 
'colonies secreting a common case or inves 
■ ment. 

Cephalodiscus has an investment (Fig. 1 
, in the form of a branching gelatinous strui 
Hure, which is in some species beset wit 
j numerous short filiform processes, and coi 
I' tains a number of tubular cavities (with e: 
|temal openings) occupied by zooids. T 1 
Clatter (Fig. 9) are not in organic continuity, 
: 50 that, though enclosed in a common invest- 
jlnent, they do not form a colony in the sense 
f|n which the word is used in describing the 
l^ydroid zoophytes. They have a feature in 
^^ommon with such a colony in that they 
iiinultiply by the formation of buds ; but these 
||i>ecome detached before they are mature, 
^'ith the collar-region (c.) is connected a 
series of usually eight to sixteen ‘arms’ (/. p.). 
I^ach of these is beset, except in the case of 



)pte male of one species, with numerous very 
|me pinnately-arranged tentacles. Each arm 
|pontains a prolongation of the collar-cavity. 
iThe proboscis (Fig. 10, pr.) is a shield-shaped 
|obe overhanging the mouth. Its cavity 
^communicates with the exterior by two pro- 
■boscis-pores {p. />.). The cavities of the collat 
[communicate with the exterior by a pair ol 
[ciliated passages opening by the collar-pores. 
[Behind the collar-region on each side is a 


Fig. 8.— Order Pterobranchia, 
Family Cephalodisddse. Cephalo- 
discus. Small portion of a gelatinous 
colony of C. dodecalophus probably 
measuring about x 9^. The main 
stems, bearing branches with filiform 
processes, vary in breadth from 5 to 
15 mm., according to the degree of 
flattening of the coencecium. The 
main trunks of a colony are attached 
to stones, sponges or to some other 
solid substratum. The entire colony 
tends to lie horizontally rather than 

t k 1 . \ 


[small area in which the body-wall and that of the phar3mx are coalescent. 


[This area is perforated by an opening, the gill-pore (g. p.). Great numbers of 
Icilia occur on the arms and proboscis. A nerve-strand, dorsal ganglion, or 
Icollar-cord, containing nerve-fibres and ganglion-cells, is situated on the dorsal 
bide of the collar deep in the epidermis (c. «.). It is prolonged on to the 
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dorsal surface of the proboscis and the dorsal surface of the arms. It is not 
hollow. On the ventral side of this nerve-strand is a very slender cylindrical 
cellular cord {p. d.) which is continuous behind with the epitheliiim of the 

pharynx. This is homologous 

f with the diverticulum of Bal- 

anoglossus, and perhaps homo- 
logous with the notochord of 
the Chordata. 

Atubaria (Fig. ii), described 
by Sato as recently as 1936, reh 
sembles Cephalodiscus in general 
appearance, but lacks protect 
tive investment. A. heterolopha, 
. p was dredged from a depth of 
200-300 metres a few miles from 
Tokyo Bay when a number of 
females w'ere found attached to 
a colony of an athecate hydroid. 
It is free-living and about 1*5 
mm. long. Adults possess four 
pairs of tentaculate plumes or 
1 ‘arms’ arranged in two rows. 
These are of different lengths. 
The antero-intemal pair are 
longest, differing from the others 
in being club-shaped (Fig. ii). 
Immature specimens lack arms, 
bearing merely a single pair of 
rod-like processes. The collar 
region is short and thick, and 
between collar and trunk there 
are dorsal genital, and ventral 
mouth apertures. The anal 

F.0. ZOM. Th.zo.H,wiih “Future is below the genital 
budding stalk, has a total length of about 4 mm. opening. The trunk is per- 

iomted by a pair of oblique 
branchial slits (leading to the 
pharynx) and tapers basally, 
with no attachment disc, into a long tail-like extremity. Atubaria 
exhibits three cceloms : a single cavity in the proboscis, and paired cavi- 
ties inside both collar and trunk. Those of the collar extend into the 
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The stomochord (the so-called 'notochord') occurs as 'a slender tube, with 
a small but distinct lumen, surrounded by about a dozen cells' (Komai). It 
runs obliquely from the dorsal wall of the buccal cavity nearly to the centre of 
the proboscis, where it ends blindly. The spacious buccal cavity bears a ridge 
on its dorsal wall and internal to this ridge is a short median diverticulum. 
The pharjmx has folded walls 
and is lined with ciliated cells. 

The oesophagus is a funnel- 
shaped sac which leads to a 
large sac-like stomach occupy- 
ing most of the trunk somite. 

A pylorus separates the 
stomach from the intestine 
which ascends to the anus just 
below the ovary, oviduct, and 
genital aperture. The mode 
of reproduction is unknown. 

The cerebral ganglion lies on 
f;;the dorsal side of the proboscis 
i^iving off anterior and pos- 
terior nerve trunks. 

Blood-vascular system. — 

This includes a heart (Fig. 

10, A.), cardiac sac (c. s.), 

dorsal and ventral vessels, 
and resembles that of the 

rEnteropneusta. 

Reproduction. — Some 
species of Cephalodiscus are 

hermaphrodite. In most the Fig. lo, — Cepiioiodi’scifs: Visceral relationships. The 

collar septum omitted to show the circumoesophageal nerve 
sexes are separate. The pos- nng. a. anal aperture; c. collar; c. c. collar coelom; 

tenor end of the body is ”• circumffisophageal nerve ring; 

c. s. cardiac sac ; a. b. v, dorsal blood vessel ; gl. glomerulus; 
drawn out into an appendage 5'. a. genital aperture; gill-pore ; A. heart; z. intestine; 

1 j j 1 j m. mouth; oe. oesophagus; ov. ovary; p. c. proboscis 

on which buds are developed ccelom; p. d. proboscis diverticulum; p. n, p. proboscis 
(Fig. q). A pair of ovaries nerve plexus; proboscis pore; />r. proboscis; 5. stalk; 
) . * V . . stomach; /.trunk; /. c. trunk coelom ; tentaculate 

(rig, 10 , OV,) lie in the trunk- plumes; v. b. v. ventral blood vessel; v, n. ventral nerve. 

cavity, and there is a pair of Burdon-Jones.) 

oviducts {ovd.) lined by elongated, pigmented epithelium. The development, 
which is direct (without a free-swimming larval stage) , takes place in passages 
in the investment. In one species, the segmentation is complete, but unequal, 
and a gastrula is formed by invagination. In another, the segmentation is 
ncomplete, and a gastrula is formed by delamination. 

VOL. 11. c 
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Fig. II. — Order Pterobranchia, Family Cephalodiscidee. Aiulniria. A. heterolopka, a free- 
living pterobranch, wiliiout gelatinous investment (cf. Fig. 8). Left: Lateral view of left side. 
Tentaculate plumes omitted. The total length of the animal with plumes is about 1*25 mm. 
Right: Tentaculate plume, one of a pair from the anterior row. a. anus; c. collar; r. t. cut ends 
of tentaculate plumes of which there are two rows of four; g. genital aperture; g. p. gill-pore; 
m. mouth; pr. proboscis; s. stalk; /. trunk. (Drawn by C. Burdon-Jones, modified after Sato.) 


•.z. 



P- r.*. 


Fig. i2.—Order Ptnobrftiicllia, Family Blial»d(^eiind». Rhobdopieura. A small portion 
of a colony of J?. normani showing the inter-relationship of the zooids and a branch canning a 
terminal bud and the buds that it has proliferated : hi , 62. young buds ; c, s, contractile stalk ; 

d, c. decumbent coencecium ; e. c. erect coenoecium ; e. z. extended zooid ; p. pectocaulus (or black 
r 9. retracted zooid: /. 6. terminal bud (or blastozooid). (Drawn by C. Burdon-Jones.) 
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Rhabdopleura (Fig. 12) occurs in colonies of zooids organically connected 
together by a creeping stolon and enclosed in, though not in organic con- 
tinuity with, a system of branching membranous tubes {d. c.). The collar 
region bears a pair of hollow arms (Fig. 13), each with a double row of slender 
itentacles (te.). 



Fig. 13. Rhabdopleura. Mature male aooid and ocenoecium. The total length of zooid is 
bout 1-5 mm. (Drawn by C. Burdon-Jones.) 

1 median sagittal section of the above with the gonad and duct omitted 

\lter Schcpotieff.) 

a. ann; anal aperture; c. ccencecium; col. collar; col. ne. collar nerve; c. p, collar pore; 
^ s. ^rdiac sac ; genital aperture; in/, intestine; m. mouth; w/c. proboscis diverticulum • ce 

^ptagus; Z)*-. proboscis; Z>r. c. proboscis cmlom; «f. rectum; s. stalk or pedicle; sf. stornwh- 
testis; te. tentacles; ty. c. trunk coelom; v. n. ventral nerve. * 

There are two collar-pores (c. p.), each leading into a ciliated canal with an 
tttemal funnel, and also a pair of proboscis-pores. The notochord and the 
pervous system resemble those of Cephalodiscus. In Rhabdopleura the zooids 
|re of separate sexes, but the colony is hermaphrodite, although it is formed 
•^y budding. A free-swimming larval stage occurs. 

Cephalodiscus has been found at various widely separated i nr alities in the 
jouthem hemisphere. Species occur also off the coast of Japan and Korea. 
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Some live in shallow water. None has been found at a greater depth than 
about 300 fathoms. Eocephcdodisctts occurred in the Upper Cretaceous. 
Rhabdopleura has been found in widely separated localities {e.g. Shetlands and 
South Australia). It seems doubtful if more than one species occurs. 

Affinities. — Not all zoologists agree with the inclusion of the Adelochorda 
among the chordates. Perhaps, too, the term Hemichorda is inadvisable, 
since this implies the presence of half a true notochord, a question much in 
dispute. Bateson was the first to attempt to homologise the foregut diverti- 
culum of Enteropneusta wth the notochord of the Tunicata, Acrania, and the 
vertebrates, and although this concept was soon criticised by Spengel, it 
nevertheless gained ground. There is to-day, however, a growing scepticism. 
Komai has suggested that the stomochord may be homologous with the anterior 
pituitary gland (p. 149). The Adelochorda is probably at least a great w 
modified branch from the base of the chordate tree. The gill-slits, with they 
tongue-bars, and the dorsal tubular neurocord, are important [jointers in thife 
direction. If the Adelochorda are chordates, it is of special interest that they 
show many resemblances to the phylum Echinodermata. The tornaria larva, 
for instance, is very like an echinoderm larva. 

Kozlowski’s work on graptolites (by the use of hydrofluoric acid on fossils 
in a silicious matrix) has now revealed fine skeletal details that suggest that 
these animals, formerly placed with the Hydrozoa or Ectoprocta, are perhaps 
most closely allied to the Pterobranchia, and therefore may constitute a chor- 
date class Graptolita. The tubular skeletons, composed of a succession of 
concentric rings (each of two half-circles) appeared in the Middle Cambrian, 
became universal in the Ordovician, and faded slowly and disappeared in the 
Lower Carboniferous. Graptolites were colonial, a number of pol)qjs living in 
each theca budded from a stem or stipe. Five orders — Dendroidea, Tuboidea, 
Camaroidea, Stolonoidea and Graptoloidea — have been erected. 

SUB-PHYLUM TUNICATA (UROCHORDATA) 

T hree main divisions of this ancient group have been recognised : (i) the 
sessile Ascidiacea, (2) the Thaliacea, and {3) the Appendicularia. Each 
has an organisation which, when taken as a whole, is 'significantly unique 
in itself’ (Berrill). The tunicates are marine. The Ascidiacea are all sessile, 
whilst the other two groups are pelagic. They are especially interesting for 
several reasons. They undergo a remarkable series of changes in the course of 
their life-history. Some exhibit an alternation of generations quite as marked as 
that existing among so many invertebrates. In most tunicates there is a 
retrogressive metamorphosis almost, if not quite as striking as that which has 
been described among the parasitic copepods or the Cirripedia. The sessile 
form and ciliary feeding mechanism link the adult tunicates with the ptero- 
branchs, Rhabdopleura and Cephalodiscus, Multiplication by budding, so com- 
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mon in the lower groups of invertebrates, but exceptional or absent in the higher, 
is of very general occurrence in the Tunicata. 

The free-swimming tunicate larva is unquestionably chordate in character. 
In by far the greater number of cases it would be impossible by the study 
of the adult alone to establish its relation with the Chordata, The affinities 
>of the Timicata can be determined with certainty only when life-histories are 
^followed out, for the notochord and other significant structures are lost in the 
later stages of metamorphosis. Although the solitary ascidians were observed 
^y Aristotle (who named them Thalia) it was not until the second half of the 
nineteenth century that Kowalevsky established their chordate relationship. 


CLASS ASCIDIACEA 


The sessile ascidians have colonised practically every marine habitat from 
rocky shore to ocean depths, but most species live in shallow coastal waters. 
iThey are distributed from the equator to polar seas, and most families are 
cosmopolitan. This widespread scattering of their kind is consequent upon the 
Tact that although the adults are stationary, the larva are well adapted for 
distribution by ocean currents. The group can be tabulated briefly as follows : 


CLASS ASCIDIACEA 
Order Enterogona 
Sub>order Aplousobranchia 
Families Clavelinidse 
Polycitoridm 
Polyelinidm 
Didemnidse 

Sub-order Phlebobranchiata 
Families Cionidm 

Diazonids 

Perophoildse 


Corellidm 

Aseidiidm 


Hypobythiidm 
Agnesiidm 
Order Pleurogona 
Sub-order Stolidobranchiata 
Families Styelidse 
Pyuridm 
Molgulidm 


EXAMPLE OF THE CLASS.-THE ASODIAN 
OR SEA-SQUIRT (ASCIDIA) 

Sea-squirts occur often in large associations adhering to rocky shores, 
ame species are found in great numbers attached to wharf-piles. When 
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touched, the ascidian ejects with considerable force two fine jets of sea-water 
which come from two apertures on its free end. The shape of the ascidian, 
however, can be profitably studied only in the case of specimens that are 
completely immersed in the sea-water, for specimens not so immersed always 
undergo contraction (Fig. 14). In an uncontracted specimen the general shape 
is that of a short cylinder with a broad base by which it is fixed to the rock. 
The free end presents a large rounded oral aperture, and some little distance 
from it on one side is a second atrial aperture of similar character. Experi- 
ments with floating particles reveal that a strong current of water flows steadily 
into the oral, and out of the atrial aperture. When the animal 
is removed from the water both ap)ertures become narrowed 
(so as to be almost completely clbs^) by the contraction; of 
sphincters of muscular fibres which surround them. At ((he 
same time the walls of the body contract. Streams of wa^r 
are forced through the apertures and the bulk of the animal 
is considerably reduced. 

Body-wall and Atrial Cavity. — The outer layer of the body- 
wall is composed of a tough translucent substance forming a 
thick test or tunic (Fig. 15, test). This consists largely ottunidn, 
which X-ray diffraction analysis has identified with cellulose, 
a characteristic plant product not perhaps otherwise found in 
animals, except in some 'plant-like' Protozoa. The test of an 
ascidian is frequently referred to as a cuticle. It is a cuticle 
in the sense that it lies outside the ectoderm and is derived 
from that layer in the first instance. There are, however, 
cells contained in it, which may add to its substance in later 
stages. They seem to be chiefly derived, not from the ecto- 
derm, but from the underlying mesoderm, from which they 
migrate through the ectoderm to the outer surface. The.so 
cells are found scattered through the substance of the test. Running through 
it are also a number of branching tubes lined with cells, each terminal brand) 
ending in a little bulb-like dilation. The interior of each tube is divided into 
two channels by a longitudinal septum, which, however, does not completely 
divide the terminal bulb. Through these tubes (which are of the nature of 
looped blood-vessels) blood circulates, passing along one channel, through tlu' 
terminal bulb, and back through the other channel. 

When the test is divided (Fig. 15), the soft wall of the body or mantle (mant.) 
comes into view. The mantle is suspended within the test and is usually 
attached firmly to it only round the oral and atrial apertures. The mantle 
(body-wall) consists of the ectoderm with underlying layers of connective-tissue 
enclosing muscle fibres. It follows the general shape of the test, and at the 
two apertures is produced into short and wide tubular prolongations, which are 



Fig. 14. — Order 
En t erogona, 
Family AsddiidaB, 
ABcidia, Entire 
animal seen from 
the right side. 
(After Herdman.) 
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known respectively as the oral and a:brial siphons (Fig. 18, or. siph., air. siph.). 
These are continuous at their margins with the margins of the apertures of the 
test, and round the openings are the strong sphincter muscles by which closure 
is effected. In the rest of the mantle the muscular fibres are arranged in an 
irregular network, crossing one another in all directions, but for the most part 


orap 


^njod. 


dther longitudinally or trans- 
ersely. Within the body-wall is 
cavity, the atrial or peribranchial 
ity {atr. cav.), communicating 
ith the exterior through the 
trial aperture. This cavity is 
ot a coelom, for it is formed 
itirely by involution from the 
iter surface. 

Pharynx. — ^The oral aperture 
ads by a short and wide oral 
;e {stomodteum) into a 
iber of large dimensions, the 
zrynx or branchial chamber 
?»g* 15. P^-)- This is a highly 
daracteristic organ of the Tuni- 
ata. Its thin and delicate walls 
re pierced by a number of slit- 
ce apertures, the stigmata (Fig. 

If 8 , stigm.), arranged in trans- 
erse rows. Through these the 
avity of the pharynx commimi- 
^tes with the atrial or peribran- 
idal cavity,^ which completely 
rounds it except along one 
le. The edges of the stigmata 
beset with numerous strong 
lia. These drive currents of 
iter from the pharynx into the 
"irial cavity. The ciliary action 
.ws a current in through the oral aperture, and drives it through the stigmata 
to the atrial cavity. From there it reaches the exterior through the atrial 
perture. The stigmata (Fig. 16) are elongated longitudinally. Groups of 
om three to ten gill-slits are usually separated by strongly developed internal 
ngitudinal bars which are sometimes thidcer and more prominent than the 

* A distinction is sometimes made between the lateral pi^ of this space {peribruncliiai cmnHes^ 
: and left) and the median unpaired (dmal) part (airial cavity, or cloaca)t in which the two 
ibranchial cavities coalesce, and which leads to the exterior tmxnigh the atrial aperture. 



Fig. i5.~Ascliito; VIsoeial lelalioildlips. The 
greater part of the test and mantle has been removed 
from that side so as to bring into view the relation of 
these layers and of the internal cavities and the 
course of the alimentary canal, etc. an. anus; atr. 
ap. atrial aperture; end. endostyle; gon. gonad; 
gonod. gonoduct; hyp. neural gland; hyp. d. duct of 
neural gland ; mant. mantle ; ne. gn. nerve-gangUon ; 
oes. ap. aperture of oesophagus; or. ap. oral aperture; 
ph. pharynx; stom. stomach; tent, tentacles; test, 
test; typh. typhlosole. (Aftw Herdmaa.) 
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horizontal or transverse bars that separate neighbouring rows. In all of these 
bars run blood-vessels. Extending across the atrial cavity from the body-wall 

to the wall of the pharynx are a number of 
bands of vascular mesodermal tissue, the 
comiectives or trabeculae (Fig. 17, vas. tr.). 

It has already been mentioned that the 
atrial cavity does not completely surround 
the pharynx. This is owing to the fact that 
the wall of the pharynx is united with the 
mantle (Fig. 17). 

Along the line of adhesion the inner sur- 
face of the pharynx presents a thickeninj^ in 
the form of a pair of ventral longitudinal 
folds separated by a groove. This special- 
ised grooved thickening is the endosiylc 
{end.). 

The cells covering the endostyle are large and of two kinds — ciliated cells 
and gland-cells. They are equipped with cilia at their free ends. These cilia 
drive floating particles that come 
within their influence outwards 
towards the oral aperture. The 
gland cells secrete and discharge 
a viscid mucous matter. An- 
teriorly the endostyle is con- 
tinuous with a ciliated ridge 
which runs circularly round the 
anterior end of the pharynx. In 
front of, and parallel with, this 
circular ridge is another ridge of 
similar character : these are the 
peripharyngeal ridges. The groove 
between them is the peripharyngeal 
groove. Dorsally, i.e. opposite the 
endostyle, the posterior peri- 
phar3nigeal ridge passes into a 
median, much more prominent, 
longitudinal ridge, the dorsal lamina 
(dors, lam.), which runs along the 
middle of the dorsal surface of the 
phar3mx to the opening of the oesophagus. In the living animal the lamina 
is capable of being bent to one side in such a way as to form a deep groove. 
The mucus secreted by the gland-cells of the endostyle is driven from it by the 



Fig. 17.— .larftfte; Phttyntwl ngkHk 

blood-vessels; dors. lam. dorsal lamina; tpt 
epidermis; end. endostyle; gn. ganglion; hyp- 
neural gland ; mits. muscular layer of wall of body 
penbr. peribranchial cavity; ph. pharynx; 
test; vas. fr. vascular trabeculis. (After Julin.) 



Fig. iC.—^sridfa: Stigmata. Single 
mesh of the branchial sac, seen from 
inside, i. 1. internal longitudinal bar; 
/. V. longitudinal vessel; p. p'. papillro 
projecting inwards -from the branchial 
bar; sg. stigma; tr. transverse vessel. 
(After Herdman.) 
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ciliated cells and conveyed laterally round the inner surface of the pharyngeal 
wall, mainly by the action of small frontal cilia, which are home on the gill- 
^bars and project into the lumen of the pharynx. As the mucus passes across 
the stigmata, it entangles microscopic organisms that are contained in the out- 
going water and carries them round to the dorsal lamina. This bears cilia 
irhich drive the mucus and the 


antained food posteriorly to 
le opening of the oesophagus 
irough which they are in- 
vested. 

Some little distance in 
Font of the anterior periph- 
ryngeal ridge, at the inner or 
jsterior end of the oral 
^phon, is a circlet of delicate 
Stacies (Fig. i8, tent.). 
Alimentary Canal. — The 
jphagus (Figs. 15, 18, (ts.) 
jlds from the pharynx (near 
ie posterior end of the dorsal 
lina) to the stomach (stom.), 
rich, together with the in- 
stine, lies embedded in the 
l^ntle on the left-hand side, 
“^le stomach is a large fusi- 
|rm sac with comparatively 
l^ick glandular walls which 
said to secrete a strong 
i|^bohydrate-splitting enzy- 
and weaker proteolytic 
; lipolytic ferments as well, 
sng its inner wall is a 
pickening — the typhlosole. 

lere is no liver. A system 
I delicate tubules, the pyloric 
and, ramifies over the wall 



Fig. 18.— ,48c;4i;a: Circnlation and reprodnetion. 

The test and mantle have been removed, an. anus; atr. 
cav. atrial cavity; air. siph. atrial siphon; hr. car. branchio- 
cardiac vessel; card. vise, cardio- visceral vessel; dors. v. 
dorsal vessel; gonod. gonoduct; hi, heart; hyp. neural 
gland; mant. mantle; ne. gn. nerve -ganglion ; ces. 
cesophagus; or. siph. oral siphon; ov. ovary; red. rectum; 
stigm. stigmata; stom. stomach; tent, tentacles; test. 
test; tr. v. transverse vessel; vent v. ventral vessel; 
vise. hr. visccro-branchial vessel, (From Herdman, after 
Perrier.) 


the intestine and is connected with a duct opening into the stomach. Little 
known of its significance : both digestive and excretory functions have been 
pggested. The thin-walled intestine is bent around into a double loop and 
ins forward to terminate in an anal aperture {an.) situated in the atrial cavity. 

Blood Vaseular System. — ^The system is well developed. The heart (Fig. 
I, ht.) is a simple muscular sac, situated near the stomach in the pericardium. 
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The last-named is entirely cut off from the surrounding spaces in which the 
blood is contained. Its mode of pulsation is remarkable. The contractions 
are of a peristaltic character, and follow one another from one end of the 
heart to the other for a certain time. Then follows a short pause, and when the 
contractions begin again they flow in the opposite direction. Thus the direction 
of the current of blood through the heart is reversed at regular intervals. 
There are no true vessels, the blood circulating through a system of channels 
or sinuses devoid of epithelial lining, and of spaces or lacunae, forming a 
haemocoele. In the description that follows, therefore, the word vessel is not 
used in its strict sense. At each end of the heart is given’ dff a large ‘vessel’. 
That given off ventrally, the branchio-cardiac vessel (br. car.), runs along the 
middle of the ventral side of the pharynx below (externally to) the endostyle 
and gives off a number of branches which extend along the bars between the 
rows of stigmata. These branches give rise to smaller branches which pass 
between the stigmata of each row. The vessel given off from the dorsal end 
of the heart — ^the cardio-visceral {card, vise .) — breaks up into branches which 
ramify over the surface of the alimentary canal and other organs. This system 
of visceral vessels or lacunae opens into a large sinus, the viscero-branchial {vise, 
hr.). This runs along the middle of the dorsal wall of the pharynx externally 
to the dorsal lamina, and communicates with the dorsal ends of the series of 
transverse branchial vessels. In addition to these principal vessels there are 
numerous lacunae extending everywhere throughout the body, and a number 
of branches, given off both from the branchio-cardiac and cardio-visceral vessels, 
ramify, as already stated, in the substance of the test. 

The direction of the circulation through the main vessels differs according 
to the direction of the contraction of the heart. When the heart contracts in a 
dorso-ventral direction, the blood flows through the branchio-cardiac trunk to 
the ventral wall of the pharynx and through the transverse vessels. After 
undergoing oxygenation in the finer branches between the stigmata, it reaches 
the viscero-branchial vessel, by which it is carried to the system of visceral 
lacunae. From these it flows back to the heart through the cardio-visceral 
vessel. When the contractions take the opposite direction, the course of this 
main current of the blood is reversed. Because capillaries are absent, ascidian 
blood and tissue fluid are intermingled. Lymphocytes, phagocytic macrophages 
(including ingested substances), have been recognised, as well as vacuolated com- 
partment cells (reserve food-containers) and other coloured and colourless cells. 

Some but not all ascidians possess a green vanadium-containing pigment 
which is carried in special vanadocytes and also flows free in the plasma. This 
has been claimed, but not proved, to be a respiratory pigment. In fact, there 
is some evidence that the oxidation potential of the pigment is too low for it to 
function in this way. The exact method of respiration is still unknown. In 
some ascidians niobium, and very little vanadium occurs (Carlisle). 
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Excretion seems to be carried out by the nephrocytes circulating in the blood. 
These cells contain particles of urates and xanthine which are disposed of by 
storage, in the form of concretions, in special excretory vesicles or renal organs. 

Nervous System. — This is of an extremely simple character. There is a 
single neural ganglion (Figs. 15, 17, 18 and 19, ne. gn., gn, and «. g.) which lies 
between the oral and atrial apertures, embedded in the mantle. This is 
elongated in the dorso-ventral direction, and gives off at each end nerves which 
pass to the various parts of the body. In degang- 
lionated individuals reflexes such as the so-called 
‘cross reflex’ (whereby touching one siphon causes 
the other to close before the one stimulated) and 
body contraction are radically impaired. 

Neural Gland. — This (Figs. 15, 18, hyp . ; Fig. 19. 
gld., and Fig. 20, n. gl.) lies on the ventral side of 
the neural ganglion and is sometimes considered to 
be homologous with at least part of the hypophysis 
in vertebrates. This is still a controversial subject, 
though there appears to be good evidence that the 
neural gland is of a secretory nature. A duct (Fig. 

19, dct., and Fig. 20, gl. d.) runs forward from it and 
opens into the cavity of the pharynx ; the termi- 
nation of the duct is dilated to form the ciliated 
funnel, and this is folded on itself to form a pro- 
minence, the dorsal tubercle, which projects into the 
cavity of the pharynx; 

Reproductive System. — The sexes are united. 

The ovary and the testis are situated close together 
on the left-hand side of the body in the intestinal 
loop. Continuous with the gonad is a duct — an 
oviduct or sperm-duct, as the case may be. This 
opens into the atrial cavity close to the anus. If sex products from another 
individual are drawn into the mouth, with the incurrent sea water, it is found 
that some of the eggs or sperm become lodged in the ciliated funnel. It has 
been suggested that the neural gland thereupon secretes a substance similar 
to, or even identical with, the gonadotrophic hormone produced by the anterior 
lobe of the pituitary of vertebrates (Fig. 96, p. 150). There is evidence that the 
adjacent ganglion is sensitive to this hormone and responds by nervous stimula- 
tion of the gonads to release their gametes. In this way adjacent individuals 
may be stimulated to spawn at the same time, ensuring fertilisation. It is not 
impossible that the anterior pituitary may have evolved from a ‘ neural gland ' 
wWch was responsible for s}mchronisation of spawning in a somewhat ascidian- 
like ancestor. 





Fig. ig.—ABclMa: Doml 
tubercle, nerre-gsivlioii, and 
anodaMI varts. From below. 
(let. duct of neural gland; 
dors. lam. dorsal lamina; gld. 
neural gland; gn. ganglion; 
hyp. dorsal tubercle; nv., nv. 
nerves ; periph. peripharyn- 
geal ridge. (After Julin.) 
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Development and Metamorphosis— In the Ascidiacea fertilisation usually 
takes place after the ova have passed out from the atrial cavity. But in a few 
simple, and most (if not all) compound forms fertilisation takes place in the 
atrium, or in the swollen, terminal portion of the oviduct, or in a special out- 
growth of the atrium, serving as a brood-sac. After internal fertilisation the 
zygotes may be discharged immediately (as in most species of Polycarpa), 
retained until the 2- or 32-cell stage (P. pomaria), or discharged as blastulae or 
gastrulse ; or expulsion may be delayed until the tailed larval stage is attained. 
Self-fertilisation is usually rendered impossible by ova and sperms becoming 
mature at different times. Sometimes, however, both ripen simultaneously. 



Fig. 20. — Ascidia: Nervous system, Antero-dorsal aspect showing relationships with the 
layers of the body; Left: in sagittal section; Right: in transverse section, d, bl, dorsal 
blood-vessel; d. I, dorsal lamina; d. n. dorsal nerve; d. t. dorsal tubercle; ect. ectoderm; en. endo- 
derm; e. p. hr. epithelium of pcribranchial cavity; gl. d, duct of neural gland; 1 . v. points to the 
ciliated epithelium covering a longitudinal vessel of branchial sac (pharynx); m. mantle; u. 
nerve; n. g. ganglion; n. gl. neural gland; p. br. peribranchial cavity; pp. b. pcriphargyngeal 
band; oral sphincter; test; /«. tentacle. (After Herdman.) 


At the same time, simultaneous maturation of eggs and spermatozoa does not 
necessarily imply self-fertilisation. Attempted in vitro fertilisations with 
gametes of a single individual almost always fail. 

A somewhat complicated series of membranes invests the ovum. The 
maturing oocyte is enclosed in a layer of flat cells. These are the primitive 
follicle-cells — derived in most species from undifferentiated cells of the ovary. 
On the surface of this layer is developed a structureless basal membrane. The 
follicle-cells increase by division and soon form a sphere of cubical cells. Certain 
of the cells migrate into the interior of the sphere and form a layer on the 
surface of the ovum. Others penetrate into the latter so as to lie in the super- 
ficial strata of the yolk. The layer of cells on the surface of the ovum are termed 
the test-cells (Fig. 21, e ) : they afterwards develop on the outer surface a thin 
structureless layer, the chorion {d), and internal to them is formed a gelatinous 
layer (*) through which the test-cells in a degenerated condition become 
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scattered. Meantime, external to the follicle-cells, between them and the basal 
membrane, has appeared a layer of flattened epithelial cells. This, with the 
basal membrane, is lost before the egg is discharged. In all the simple ascidians, 
with the exception of the few in which development takes place internally, the 
protoplasm of the follicle-cells (Fig. 21, c) is greatly vacuolated, so as to appear 
frothy. The cells become greatly enlarged, projecting like papillae on the 
surface and buoying up the developing oviun. 

Segmentation is complete and approximately equal, but in the eight-cell 
stage four of the cells are smaller and four larger. The smaller, situated on the 
future dorsal side, are the beginning of the endoderm. The four larger form 
the greater part, if not the whole, of the ectoderm. In the following stages the 
ectoderm cells multiply more rapidly than the 
endoderm, so that they soon become the 
smaller. In the sixteen-celled stage the em- 
bryo (Fig. 22, A) has the form of a flattened 
blastula (placula) with ectoderm on one side 
and endoderm on the other, and with a small 
segmentation-cavity. The transition to the 
gastrula stage is, in most ascidians, effected by 
a process intermediate in character between 
embolic and epibolic invagination ; in some 
the invagination is of a distinctly epibolic 
character. In the former case the ectoderm 
cells continue to increase more rapidly than 
the endoderm. The whole embiy'o becomes 
curved, with the concavity on the endodermal 
side, and the ectoderm extends over the endo- 
derm, the two layers coming to lie in close contact and the segmentation-cavity 
thus becoming obliterated. The concavity deepens until the embryo assumes 
the form of a saucer-shaped gastrula with an archenteron and a blastopore, 
which is at first a very wide aperture extending along the whole of the future 
dorsal side. The blastopore gradually becomes constricted (Fig. 22, B). The 
closure takes place anteriorly, extending backwards. The opening is eventually 
reduced to a small pore at the posterior end of the dorsal surface. 

The embryo elongates in the direction of the future long axis. The dorsal 
surface becomes recognisable by being flatter, while the ventral remains convex. 
The ectoderm cells bordering the blastopore are distinguished from the rest by 
their more cubical shape. These cells form the earliest rudiment of the 
nervous system. They become arranged, as the blastopore undei^oes con- 
traction, in the form of a medullary plate on the dorsal surface. On the surface 
of this plate appears a medullary groove. This is bounded by right and left 
medullary folds, which pass into one another behind the blastopore. 



Fig. 21. — dona: Devetopment. 

Fertilised egg from the oviduct after 
the basal membrane and layer of flat- 
tened cells have been thrown off. c, 
follicle-cells; d, chorion; e, test- 
cells; f, ovum; X, gelatinous layer, 
(From Korschelt and Heider, after 
Kupffer.) 
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The medullary folds grow upwards and inwards over the medullary groove. 
They unite together (D), the union beginning behind and progressing forwards 
in such a way as to form a canal, the nettrocale, in the hinder portion of which 
is the opening of the blastopore. In this process of closing-in of the medullary 
groove, the fold which passes round behind the blastopore takes an important 
part, growing forwards over the posterior portion of the canal. The blasto- 
pore, thus enclosed in the medullary canal, persists for a time as a small opening 



/ — i 


noto 


«n^d..oa.wt. 




Fig. 22.^ciaveUina: Development. Early stagers: J. ftattf^ned hlastuia: /f. early L^astrula* 
C, approximately median optical section of more advanced gastrula in which the blastopore 
has become greatly reduced and in which the first rudiment of the notochord is discernible- 
; / ' of a later larva in which the medullary canal has begun to be closed in posteriorly! 

oi. /). blastopore; ect. ectoderm; end. endoderm; med. can. medullary canal; cells destined 

neuropore; noto. notochord; cat/, segmentation cavity. 
(A and U from Korschelt and Heidcr, after Seeliger; C and D after \'an Bencden and Julin.) 


—the neur enteric canal — by which the neurocoele and enteric cavity are placed 
in communication. At the anterior end of the medullary canal, owing to its 
incomplete closure in this region, there remains for a time an opening — the 
nettropore (big, 23, neur ,) — leading to the exterior. 

A notochord (Figs. 22, C, D. 23 and 24, noto.) is formed from certain of 
me cells of the wall of the archenteron along the middle line of the dorsal side, 
ese are arr^ged to form an elongated cord of cells which becomes com- 
pletely constricted off from the endoderm of the wall of the archenteron, and 
comes to lie between the latter and the medullary gixrove. Laterally, certain 
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cells of the endodenn divide to give rise to a p>air of longitudinal strands of 
cells — ^the rudiments of the mesoderm (Fig. 23, mes.). During this process of 
mesoderm-formation, there are ^ 

no diverticula developed from 
the archenteron. 

The embryo (Fig. 23, B) 
now becomes pear-shaped, the 
narrow part being the rudiment 
of the future tail. As this 
narrow portion elongates, the 
part of the enteric cavity which 
it contains soon disappears, 
coming to be represented only 
by a strand of endoderm cells. 

This strand gives rise in the 
middle to the backward exten- 
sion of the notochord, laterally 
to the mesoderm of the tail, and 
ventrally to a cord of endoderm 
cells continuous with the wall of 
the enteric cavity in front. 

The caudal region rapidly 
increases in length. The an- 
terior or trunk region, at first 
round, becomes oval. At its 
anterior end there appear three 
processes of the ectoderm, the 
rudiments of the adhesive papiUte 
(Fig. 24, adh.), oigans by which 
the larva subsequently becomes 
fixed. The ectoderm cells at an 
early stage secrete the rudiments 
of the cellulose test. In the 
caudal region, this forms longi- 
tudinal dorsal and ventral flaps 
which take on the fimction of 
unpaired fins. 

The medullary canal be- 
comes enlarged at its anterior 
end. A vesicular outgrowth from this enlarged anterior portion forms the 
sense-vesicle {sens. ves.). The posterior narrow part forms the caudal portion of 
the central nervous system (spinal cord). Masses of pigment in relation to the 



Fic. 23. — ClaKellina: Development. Later stages: 
A, approximately median optical section of a larva 
in which the medullary canal (neurocoele) has become 
enclosed throughout, communicating with the exterior 
only by the ncuropore at the anterior end and with the 
archenteron by the neurenteric canal; B, larva with a 
distinct rudiment of the tail and well>formed mesoderm- 
layer and notochord, letters as in preceding figure; 
in addition, mes. mesoderm. (After Van Beneden and 
Julin.) 
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sense-vesicle early form the rudiment of the two laiv'al sense-oi^ans, otocyst 
(or statocyst). and eye. The part behind this presents a thickened wall with 
a narrow lumen. This is known as the ganglion of the trunk. 

The embryonic alimentary canal consists of two regions, a wide region 
situated altogether in front of the notochord, and a narrower portion situated 
behind in the region of the notochord. The wider anterior part gives rise to 
the pharj-nx. The posterior part gives rise to the oesophagus, stomach, and 
intestine. The mouth-opening is formed shortly before the escape of the 
embryo from the egg. An ectodermal invagination is formed at the anterior 
end, and an cndodermal diverticulum from the archenteron grows out to meet it. 
Then the two coalesce and the oral passage is thus formed. The stomach and 


me-cl atr eil^r 



Fig. 24. — Ascidia: Development. Free-swimming larva of Ascidia matmnillata, lateral view. 
adh. adhesive papillse; ali. alimentary canal; air, atrial aperture; cil, gr. ciliated diverticulum, 
becoming ciliated funnel; end. endostyle; eye, eye; tned. norve-cord (ganglion of trunk); noto. 
notochord; oio. otocyst; sens. ves. sense- vesicle; stig. earliest stigmata. (From Korschclt and 
H eider, after Kovalevsky.) 


intestine of the laiva of most species have no lumen and the organism does not 
feed. 

The rudiments of the heart and pericardial cavity first appear as a hollow 
outgrowth from the archenteron. This outgrowth subsequently becomes 
constricted off and involuted to form a double-walled sac. The inner layer of 
the sac forms the wall of the heart, while the outer layer gives rise to the wall of 
the pericardium. 

The first beginnings of the atrial cavity appear as a pair of invaginations 
of the ectoderm which grow inwards and form a pair of pouches, each oi)ening 
on the exterior by an aperture. There is a difference of opinion as to some 
points in the hisloty of these atrial pouches. It remains uncertain to what 
extent the ectoderm and endoderm respectively share in the formation of the 
atrial cavity. Spaces, into the formation of which the two ectodermal diver- 
ticula at least largely enter, eventually grow round the phar3mx and give rise 
to the atrial cavity. Perforations, which become the stigmata, and which are 
primarily two in number, place the cavity of the pharynx in communication 
with the surrounding space. The two openings of the atrial pouches subse- 
quently coalesce to form the single i^ermanent atrial aperture. 
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It will be Tiseful now, at the cost of a little repetition, to summarise the 
various characteristics of the larval ascidian at the stage when it escapes from 
the egg and becomes free-swimming (Fig. 24). In general shape it bears some 
resemblance to a minute tadpole, consisting of an oval trunk and a long 



Fig. 25.—Aar.UUu: Develop- 
ment. Metamorphosis of the free- 
tailed larva into the fixed ascidian. 

A, stage of free<swimniing larva; 

B, larva recently fixed; C, older 
fixed stage, adh. adhesive papilla) ; 
air. atrial cavity; ctl. gr. ciliated 
diverticulum, becoming ciliated 
funnel; end, endostyle; hi. heart; 
med. ganglion of trunk; n. gn. 
nerve-ganglion ; noto. notochord ; 
or. oral aperture; red. rectum; 
sens. ves. sense- vesicle ; stig. stig- 
mata; siol. stolon; t. tail. (From 
Korschelt and Heider, after See- 
liger.) 



laterally-compressed tail. The tail is fringed with a caudal fin. This is merely 
a delicate outgrowth of the thin test covering the W’hole of the surface. Running 
through the delicate fringe is a series of striae, presenting somewhat the appear- 
ance of fin-rays. In the axis of the tail there occurs the notochord (Fig. 25. 
noio.), which at this stage consists of a cylindrical cord of gelatinous substance 
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enclosed in a layer of cells. Parallel with this runs, on the dorsal side, 
the narrow caudal portion of the nerve-cord. At the sides are bands of 
muscle fibres. In the trunk the nerve-cord is dilated to form the ganglion 
of the trunk, and, further forwards, expands into the sense-vesicle {sens, ves.) 
with the otocyst or statocyst (Fig. 24, oto.) and eye. The enteric canal is dis- 
tinguishable into pharynx, oesophagus, stomach, and intestine, but is not yet 
functional since the mouth is covered by the continuous test. The pharynx, 
however, is already equipped with an endostyle in its ventral floor, and also 
with varying numbers of stigmata which pierce its walls. The atrial cavity 
has grown round the phar3mx, and opens on the exterior by a single aperture 
only (atr.). The heart and pericardial cavity have been formed. The period 
in which the larva remains in this free-swimming stage varies between species. 
In Botryllm the free-swimming period is from 90 to 180 seconds. In other 
species it may last a month. Generally it lasts only a day or two. Then the 
larva fixes itself by the adhesive papillae and begins the retrogressive meta- 
morphosis by which it attains the adult condition. 

The chief changes involved in the retrogressive metamorphosis (Fig. 25) 
are the increase in the number of pharyngeal stigmata ; the diminution, and 
eventually the complete disappearance, of the tail with the contained notochord 
and caudal part of the nerve-cord ; the disappearance of the eye and the oto- 
cyst ; the dwindling of the central part of the ner\ous system which gives rise 
both to the adult ganglion and to the neural gland ; and the gradual develop- 
ment of the reproductive organs. Thus, from an active free-swimming larva, 
with complex organs of special sense, and provided with a notochord and wdl- 
developed nervous system, there is a retrogression to the fixed inert adult, in which 
all the parts indicative of affinities with the vertebrates have become aborted, except 
the gtll-slits, endostyle, and other parts of the feeding mechanism. 

In some simple ascidians, and in the composite forms in which development 
takes place within the body of the parent, the metamorphosis may be consider- 
ably abbreviated. But there is always (so far as is known) a tailed lar\’a 
^ except in the genera Molgula and Pelonaia, in which the tailed stage is lacking 
^nd only an obscure endodermal rudiment represents the notochord. 


GENERAL ORGANISATION OF ASCIDIACEA 

General Features.— Among the simple ascidians there is a considerable 
degree of uniformity of structure, and little need be added here to the accoimt 
given of the example. Their shape varies a good deal : it is sometimes cylin- 
drical, sometimes globular, sometimes compressed. They are usually sessile 
Md attached by a broad base, often with root-like processes, but in other cases 
(e.g. Boltema) elevated on a longer or shorter stalk. Most are solitary ; but 
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some (the so-called social ascidians) multiply by budding, stolons being given 
off on which new zooids are developed, so that associations or colonies are 


formed. However, the connection 
between the zooids is not close, and 
their tests remain distinct and 
separate. The test varies con- 
siderably in consistency, being 
sometimes almost gelatinous, 
transparent or translucent, some- 
times tough and leathery. Occas- 
ionally it is hardened by encrust- 
ing sand-grains or fragments of 
shells, or by spicules of carbonate 
of lime. Calcareous spicules may 
be developed in the substance of 
the mantle. The apertures always 
have the same position and re- 


cl 



Fig. 26. Order Pleoro- 
gema. Family StyeUdsa. 
Botr^lluK. A composite 
ascidian, B. violaceus, or. 
oral apertures; cl. openinK 
of common cioacal chamber. 
(After Milne-Edwards.) 





Fig. 27. — Composite Ascidian. A colonial 
zooid. The zooids are in clumps, as seen 
in a vertical section of the colony, art. anus; 
at, atrium; at\ atrium of adjoining zooid; 
cl. cloaca common to the two zooids; end. 
endostyle; gld. digestive gland; gn. nerve- 
ganglion; ht. heart; hyp. neural gland; lang. 
languets; fnan/. mantle ; or. a/>. oral aperture ; 
or. ovary; periph. peripharyngeal band; ph, 
pharynx; rect. rectum; stom. stomach; te. 
testis; tent, tentacles; tst. test, or common 
gelatinous mass; v. d. vas deferens. (After 
Herd man.) 



lations, varying only in their relative prominence. The phaiynx varies in its 
size as compared with the rest of the internal oi'gans, and in the position which 
it occupies with regard to the various parts of the alimentary canal. It varies, 
too, in the number and arrangement of the stigmata. The tentacles are some- 
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times simple, sometimes compound ; and the dorsal lamina may or may not be 
divided up into a system of lobes or languets (Fig. 27, /ang.). 

Composite Ascidlans. — In the composite ascidians the zooids are embedded 
in a common gelatinous mass formed of their united tests. The gelatinous 
colony thus formed is sometimes flat and encrusting, sometimes branched or 
lobed, sometimes elevated on a longer or shorter stalk. In certain forms the 
gelatinous substance is hardened by the inclusion of numerous sand-grains. 
The arrangement of the zooids differs greatly. Sometimes they occur 
irregularly dotted over the entire surface without exhibiting any definite 
arrangement. Sometimes they are arranged in rows or regular groups. In 
Botryllus (Fig. 26) they form star-shaped, radiating sets around a common 
cloacal chamber into which the atrial apertures of the zooids lead, while the 
oral apertures are towards their outer ends. In essential structure the zooids 
(Fig. 26) of such colonies resemble the simple ascidians. At one time it was 
held that solitary and composite ascidians fell into two distinct Orders. Today 
it is considered that the ability to bud is primitive in ascidians and that it has 
been lost independently in several lines. Likewise, the solitarv- condition is 
secondary and has been acquired separately in different groups. 


CLASS THALIACEA 

The thaliaceans are free-swimming tunicates, sometimes simple, sometimes 
colonial, and never provided with a caudal appendage in the adult condition. 
The body is transparent. The test is a permanent structure. The muscular 
fibres of the body-wall are arranged in complete or interrupted ring-like bands, 
or held diffusely. The mouth and atriopore are situated at opposite ends of the 
body. The pharynx has either two large, or many small, stigmata leading into 
an atrial cavity which communicates with the exterior by the atrial aperture. 
There is usually an alternation of generations of a most remarkable kind. 
There may, or may not be a tailed larval stage. 

Three orders — Doliolida, Pyrosomida, and Salpida — are recognised. 

Order Dolioud.\ (CycLOMY.\RiA) 

The order is restricted to a single family, Doliolidse, made up of perhaps four 
genera, Doliopsis {= Anchinia), Doliolum (Figs. 28, 2q), Dolioletta, and Dolio- 
loides. These hermaphrodite animals are in general found in the phytoplank- 
ton zone in tropical and sub-tropical seas. The species are commonest down to 
200 metres, but ‘nurse’ forms have been dredged from 3,000 metres. They 
are rarely found in shallow coastal water, but may occur in vast numbers in 
suitable areas. They have been studied rarely alive, but nevertheless a good 
deal has been learnt of their life-histories. The solitary sexual individual or 
gonozooid is barrel-shaped. The test is transparent and delicate, and so it is 
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possible to see clearly the eight characteristic muscle-bands which completely 
encircle the body (hence the name Cyclomyaria), Unlike the ascidians, the 
oral and atrial apertures (Fig. 29, r. ap., atr. ap.) are at opposite extremities. 
The relations of the various organs have undergone a corresponding modifica- 
tion. The oral aperture leads into a wide pharynx (Fig. 28, 4) occupying at 
least the anterior half of the body. The posterior wall of the pharynx alone 
is usually perforated by stigmata. An endostyle (ii) occurs, and a 
peripharyngeal band ; but there is no dorsal lamina. The heart lies immedi- 
ately posterior to the endostyle in the mid-ventral line. The gut-loop, of 
variable shape from genus to genus, lies in the ventro-posterior region of the 
body. The nervous system is composed of a dorsal ganglion which lies in the 
third or fourth inter-muscular zone (3). Fibres from the ganglion radiate to 


Fig. 2. S.— Order Dol- 
iolida* Family Doliolidae, 
Doliolum, Gono/.fiicl. 
/. oral aperture; 2. cili- 
ated pit ; j. f^anglion and 
nerves; 4. pharynx; 5. 
mantle; 6. sense-cells; 7. 
atrial aperture ; 8. ovary ; 
9. intestine; jo. heart; iJ. 
endostyle; testis; 23. 
periphary n gea I band , 
(From Young, after Neu- 
mann.) 


the eight muscle-bands. Branches from each principal fibre terminate in groups 
of sensory cells (6). 

Surrounding each aperture is a series of ten or twelve lobes — ^the oral and ^ 
atrial lobes — in which there are sense organs. The first and last of the muscular 
hoops serve as sphincters for the two orifices. Dolioliitn moves through the 
water by jet propulsion. The contraction of the muscle-bands drives water 
backwards out of the atrial sac and so propels the animal forward. 

The reproductive organs— testis (12) and ovary (8)— are in the ventral 
region. The eggs are discharged into the capacious cloacal aperture and escape 
into the sea-water where, if fertilised, they develop independently. Develop- 
ment appears to be not unlike that of the simple ascidians in all essential re- 
spects. There is total segmentation, followed by the formation of an embolic 
gastrula. The larva (Fig. 29) has a tail with a notochord (noto.) consisting of 
about forty cells, and a body in which the characteristic muscular bands soon 
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make their appearance. This tailed larva becomes the asexual stage or 
‘nurse’. By and by the tail aborts, and two processes, one postero-dorsal, the 
other ventral, knowi respectively as the cadophore {dors, st.) and the ventral 
stolon {vent, st.), grow out from the body of the larva. On the stolon are formed 
a number of slight projections or buds. These become constricted off, and in 

Fig. 29. — DolMuwn: De- 
velopment Late stage in the 
development of the tailed 
larva, air. ap. atrial aper- 
ture; dors. si. cadophore; end. 
endostyle; kt. heart; ne. gn. 
nerve-ganglion ; nolo, noto- 
chord; or. ap. oral aperture; 
vent. st. ventral stolon. (After 
IJljanin.) 


the form of little groups of cells, each consisting of seven strings of cells with an 
ectodermal investment, creep over the surface of the body (Fig. 30, e. and 
Fig. 31) till they reach the cadophore. to which they attach themselves after 
multiplying by division. The cadophore soon becomes elongated, and the 
bud-like bodies attached to it develop into zooids. As the long chain of 
zooids thus established is further developed, the parent Doliolum (Fig. 30) 
loses its stigmata, its endostyle, and its alimentary canal. At the same timr* 

Fig. 30. — Doliolum: De- 
velopment. Lateral view of 
asexual stage, showing the 
early development of the buds. 
air. ap. atrial aperture; dors, 
st. cadophore; e. embryos 
passing over the surface from 
the ventral stolon to the 
cadophore: hi. heart; ne. gn. 
nerve-ganglion; or. ap. oral 
aperture; vent. st. ventral 
stolon. (After IJljanin.) 

Ai tvntst 

the muscle-bands increase in thickness and the nervous system attains a higher 
development, until the whole parent comes to play a part like that of the necto- 
calyx of a siphonophore (Vol. I), Thus, its secondary function is to propel the 
colony through the water by its contractions. 

The zooids of the cadophore consist of two sets, differing from one another 
in position and in future history — the lateral zooids and the median zooids. The 
lateral zooids serve solely to carry on the nourishment and respiratiem of the 
colony, and do not undergo any further development. Some of the median 
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buds, on the other hand, become detached and take on the special character 
of phorozooids. When free, each phorozooid carries with it the stalk by means 
of which it was attached to the stolon. On this 
stalk there have previously become attached a 
number of buds which are destined after a time 
to be developed into the sexual zooids. 

The succession of stages in the life-history of 
Doliolum thus briefly sketched will be seen to 
succeed one another in the following order : (1) 
sexual form ; (2) tailed larva developed sexually 
from (i) ; ( 3 ) first asexual form or 'nurse’, the 
direct outcome of (2) ; ( 4 ) second asexual form 
(phorozooid) developed on the cadophore of (3) 
from buds originating on the ventral stolon ; (6) 
the young stages of the sexual form (i) which are of 
similar origin to (4) and which develop on its stalk. 

Berrill should be consulted for a more com- 
prehensive treatment of the Order. 



Order Pyrosomida 


dorsMiol 


The strikingl}' luminescent (‘phosphorescent’) 
and distinctive Pyrosoma was discovered in the 
early nineteenth centurv, but although its ana- *** 

tomy and embryology have been thoroughly iooM. Dorsal view of the posterior 
investigated, little is yet known of its vital pro- 

cesses. Pyrosoma (Fig. 32) is a colonial tunicate, from the ventral stolon (wn/. stoi.) 

, ... e ■ j* -j 1 to the cadophore (dor.'!, stol.) and 

the colony consisting of numerous individuals their growth on the latter. /a/. Ms. 

forming a gelatinous tube that is shaped like a lateral buds; wd. Ms. niMian 

buds; ^rtc. pencardium. (.After 

cylinder. Some pyrosomes may grow to about 4 Barrois.) 
feet long with a tube width of almost a foot. They 

are common in warmer seas to a depth of 500 metres ,* a few are abyssal. The 
internal cavity, closed at one end and open at the other, serves as a common 
cloaca for all the zooids. The oral apertures of the zooids are situated at 
the outer surface of the cylinder, whilst the atrial apertures (Fig. 33, air. ap.) of 
the organisms opien into the common cloacal cavity. Thus each animal sieves 
a tiny stream of water from the exterior sea into the lumen of the cylinder. An 
extensive stream of water is shot out of the open, posterior end of the cylinder 
and the whole community moves forward by jet propulsion. Velocity is in- 
creased by the narrowing of the aperture by means of a diaphragm. The colour 
and texture of the community vary according to species. Although only one 
genus — Pyrosoma — is generally recognised, it has been si^ested that some 
species should be separated into a second genus Pyro^rtmna. 
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The Pyrosoma zooids of a given colony are seemingly quite independent of 
each other Each individual is characterised by the possession of two body- 
cavities-the phaiynx and the atrium, the latter with two peribranchial exten- 
sions The gut and gonads lie near the mid-line. The heart and stolon are 
situated directly behind the endostyle. Musculature is weak. Branchial and 
atrial sphincters are present, in addition to circmnoral muscles and paired trans- 
verse atrial muscles. The latter connect with the corresponding muscles of 
neighbouring zooids by means of test fibres. 




Fig. 32.— Order Pyrosomida, Family 
PjrrosomidflB, Py^soma. Left: Luminous 
colony of P. spinosum. Right: end view. 
(Modified after Murray and Hjort.) 



Fig. ^s,—pyroBoma: Colonial indivi- 
dual!. o/r. ap. atrial a}>erture; or. ap. <»ral 
aperture : />//. phar>’nx ; proc. prw esses of test 
on outer surface of colony; stoi. stolon on 
which are develo|>ed buds |i;tvin^ ri*M? to 
new zooids; /cii/. tentacles. (After Hcrdman.) 


The pharynx of Pyrosoma is divided. The prebranchial buccal cavity lies 
anterior to the peripharjTigeal bands. The branchial .sac ha.s the endostyle 
extending throughout its length. The peripharyngeal bands are continuous 
with the ciliated margins of the endostyle and unite dorsally behind the 
ganglion. Dorsal languets arc recognisable. The a*sophagus is narrow and 
distinct from the stomach. A pyloric gland occurs ; its reiatiomships are 
generally similar to those obser\’ed in ascidians. Numerous elongated gill- 
slits are present. On each side of the pharynx, immediately over the peri- 
pharyngeal bands, lies a flat mass of s{)ecialised mesodermal cells enclosed 
within a blood-sinus. These are strikingly luminous. The light is produced 
by syiabiotic bacteria which inhabit the cells and, as the bacteria invade the 
eggs, light may be produced at all stages of the life-cycle of Pyrosoma. The 
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luminous organs are not innervated. At the same time, they become active 
only as the result of a stimulus and the whole colony may light up together. 
In seas where Pyrosoma is especially common the light may be sufficiently 
powerful to enable print to be read. The luminescence is probably a protective 
device giving warning of unpalatability, and it may have other functions as well. 
^ In Pyrosoma development is direct, without a tailed larval stage, and 
kakes place within the body of the parent. The ovum contains a relatively 
ilirge quantity of food-yolk, and the segmentation is meroblastic. A primary 
iooid {cyathozooid) is formed. This has a stolon which constricts, giving rise to 
Ijfour buds (blastozooids), from which the colony develops by further budding. 
pThe primary zooid {tyathozooid) begins to atrophy. At this stage the young 
|jolony, composed of four blastozooids with the remains of the cyathozooid 
^enclosing a mass of yolk (the whole invested in a common cellulose test), 
Ipasses out from the brood-pouch in which it was developed and reaches the 
|pxterior through the cloaca of the parent colony. 

§ 

%■, Order Salpida (Desmomyaria) 

^ These remarkable animals (Figs. 34, 35) occur in almost every sea. They 
most numerous down to 200 metres, but some penetrate to depths as remote 


mum.bdm e/tdT 



Fig. 34. — Salpa: Oofooid. Asexual form of S. democratica in ventral* view, air, ap, atrial aper- 
: branch, dorsal lamina; end, endostyle; ht, heart; mits. bds. muscular bands; ne. gn, nerve- 
glion; or, ap, oral aperture; proc, processes at the posterior end; sens, org, sensory organ 
ated funnel and languet) ; stol. stolon. (After Vogt and Jung.) 

t.1,500 metres. They are planktonic tunicates with a transparent, prism- 
ed, or cylindrieal body reaching from 8 to 190mm. (exclusive of appendages) 
ling to the species. They are propelled forward by the contraction of 
]e-bands which eject water posteriorly. The best-known genus is Salpa. 

Ivery species is found in two forms : (i) the oozooid or solitary form, which 
from an egg, is bilaterally symmetrical, and has a budding stolon 
i gonads ; and (2) the hlastozooid or a^egate form, which develops from 
and has gonads but no stolon. Blastozooids are connected in groups 
ly, but generally become separate later in life. They are asymmetrical 
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In the oozooid both branchial and atrial apertures (Figs. 34, 35) are wide 
and situated at the opposite ends of the body. The test is relatively thin and 
delicate. A series of seven hoop-like muscles almost, or quite, surrounds the 
body. The oral muscles, and certain others, strengthen and control the closure 
of the lower lip. This acts as a valve to shut the mouth when the body-muscles 
contract to expel water backwards and to propel the animal sharply forward. 
The atrial muscles act as sphincters. The endostyle and the periphar3mgeal 
bands control the direction of the food-entangling mucus. The entrapped 
food is drawn into the oesophagus along with mucus strings which stream back- 
wards from all round these bands, forming a conical net. Gill slits are repre- 
sented only by a pair of large apertures on either side of a single median gill- 



Fig. 35. — Order Salpida, Family SalpicUe. Salpa: OoEOOid. Lateral view of a section — which 
is sagittal (longitudinal, vertical, and median) in the oral two>thirds, and oblique in the atrial third, 
a^. atrial cavity; br. branchia; c. ciliated crests on the edge of the branchia ; c./. ciliated funnel; 
d. A dorsal lip; snd. endostyle; ey. eye; gl, digestive gland ; gn. ganglion; ht. heart; int, intestine; 
/»g, languet; mo, mouth; oe. oesophagus; ce. ap. oesophageal aperture; ph. pharynx; pp. 
peripharyngeal band; st. (right) stolon; si. (left) stomach; v. 1 . ventral lip. (After Dclage and 
Hdrouard.) 


bar, which is really homologous with the dorsal lamina of other forms. The 
phaiyngeal and atrial cavities are incompletely separated by this obliquely 
running bar. Together they constitute a single large chamber. The remainder 
of the alimentary canal is divisible into oesophagus, stomach, and gut ; the 
pyloric gland stretches from the stomach over the wall of the intestine. These 
form a relatively small dark mass called the ‘nucleus’. Behind the endostyle, 
and in the region of the fifth and sixth body-muscle, lies the heart. From 
between heart and endostyle arises the stolon. In the dorso-anterior region 
there occurs a horseshoe-shaped eye (ey.), which is developed from the dorsal 
surface, and, associated with this, the dorsal ganglion (Fig. 36). This single 
ganglion gives off nerves to the various parts of the body. A single large 
tentacle, the so-called languet (Fig. 35, Ing.), extends dorsally into the buccal 
cavity in front of the peripharyngeal bands. 
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The solitary form described above reproduces asexually. The stolon 
vhich appeared while the oozooid was still an embryo) divides into seg- 
lents, each of which becomes a sexual blastozooid. Chains of new individuals 


^FiG. 36.— Salpaf Hervom 
item. Diagrammatic la- 
al view of the ganglion 
I neighbouring parts, at. 
kll of atrial cavity; hr. 
anchia; hr. ap. aperture 
branchia; c. c. ciliated 
rests of branchia; c. j. 
Eliatcd funnel; ey. eye; 

gl. gland (paired) that 
^y represent neural gland ; 

wall of pharynx. (After 
lielage and H^rouard.) 



lormed. Ihese become detacbed irom tne asexual parent, ana so tne 
phase arises. 

-j ^l ^ Ma ch individual blastozooid only one ovum forms in the ovary and one 
^fl^evelops. The testis matures later than the ovum and the latter is 
«|Hd by a sperm from the testis 


idividual of an older chain, 
wnent is direct and takes 
ithin the body of the parent, 
leloping embryo projects into 
Ichial cavity. The nourish- 
I the embryo (Fig. 37) is 
^by the formation of a 
Wmlacenta through which a 
Hn is brought about between 
^ar system of the parent 
of the embryo. The 
f Salpa is partly formed 
ide-cells and ectoderm- 
embryo, partly from the 
e wall of the oviduct, 
ion is complete. During 
on there is a migration 
some of the cells of the 
of the wall of the oviduct. 


aitruBtp bf 



Fig. 37.-~Salpa: Development. Late stage 
(blastozooid) showing the placental connection 
with the parent, atr. ap. atrial aperture; hr. 
branchia; cil. gr. ciliated groove; ebl. elaeoblast 
(mass of tissue probably representing a vestige of 
the tail); endostyle; a. gn. nerve-ganglion ; 
£gs. cBsophagus; or. ap. oral aperture; peric. peri- 
cardium; />/. placenta; rrcf. rectum; sfo/. stolon; 
stom. stomach. (From Korschelt and Heider, 
after Salensky.) 


of the wall of the oviduct. These enter the segmenting ovum and 
g the blastomeres. It is not certain what part these inwardly 
cells play in the development of the embryos. Possibly they act 
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merely as carriers of nourishment, and are broken up and eventually completely 
absorbed. 

There is no tailed larval stage. The embryo develops the muscle-bands 
and all the characteristic parts of the adult while still enclosed within the 
body of the parent and nourished by means of the placenta. This sexually- 
developed embryo, however, does not give rise to a form exactly like the parent, 
but to one which differs from the latter in certain less important features and 
notably in the absence of reproductive organs. The sexually formed embryo, 
in other words, gives rise to an asexual solitary oozooid which escapes to the 
exterior and then becomes free-swimming. After a time there is developed 
a process or stolon (stol.), on the surface of which are fdnned a numl>er of bud- 
like projections. These increase in size as the stolon elongates, and each 
eventually assumes the form of a sexual Salpa. The chain of zooids fonned on 
the stolon breaks off in lengths which swim about intact while reproductive 
organs develop in the individuals. 


CLASS LARVACEA (APPENDICULARIA) 

These extraordinary animals are transparent, free-swimming, oceanie 
tunicates with a permanent tail supported by a skeletal notochord. Most of 
them are extremely small with a trunk rarely more than i mm. long, and a tail 
generally not more than three times the length of the trunk. A few exceptions, 
however, occur, and, in particular, the deepwater BaUwchorditii$ (Oiko- 
pleuridae) grows to the relatively enormous length of 3 inches. The test is 
represented by a relatively large temporary envelope, the 'house', which is 
formed with great rapidity, as a secretion from the .surface of the ectoderm, and 
frequently thrown off and renewed. The pharynx has only two stigmata, and 
these lead directly to the exterior. There is no atrial or peribranchial cavitv. 
The principal ganglion gives off a nerve-cord with ganglionic enlargements run- 
ning dorsally to the end of the tail. No budding occurs ; development take- 
place without metamorphosis. Appendicularians are widespread in their 
distribution and are said to occur in Cambrian deposits. The class contains the 
single Order Cop>elata. This has been divided into three families ; Oiko- 
pleuridx, FritUlariidae, and Kowalevskaiidse. 

Gmend Features. — ^In shape the Larvacea are not unlike tadpoles, with a 
rounded body and a Ipng tail-like appendage attached to the ventral side. At 
the extremity of the body most remote from the tail is the aperture of the 
mouth. This leads into a comparatively wide pharynx (Fig. 39, pK), in the 
ventral wall of which (except in KowcUevskia) is an endostyle ^milar to that of 
the simple ascidian, but comparatively short. Round the pharynx there run j 
obliquely two bands covered with strong cilia— the peripharyngeal bands, which ; 
join a median dorsal ciliated band. On the ventral side of the pluuynx there • 
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Fig. 38. — Order Copdata, Family Oiko- 
tdeoridse. Otkopleura. The animal is en- 
closed in a secreted ‘house’. The arrows 
show the course of the current. (From Herd- 
man, after Fol.) 


.re two ciliated openings — the stigmata {stig.), which communicate with the 
ixterior by short passages ; the atrial canals, situated on either side behind the 
uus. The axis of the tail is occupied 
»y a cylindrical rod — ^the notochord or 
wochord [noto.). 

In Oikopleura (Fig. 38) the ‘house’ 
a comparatively large structure 
thin which the animal is enclosed, 
jdulatory movements of the tail 
^use a current of water to flow in 
trough a pair of incurrent apertures 
hd out through a single excurrent 
erture. The former are closed by 
iftice-works of fine threads, prevent- 
the passage of any but the 

lallest organisms. In the interior is an elaborate apparatus for filtering out 
I minute ot^anisms from the water as it passes through. The filtered plank- 
i is sucked into the mouth. Here the processes are not unlike those occurring 
le ascidians. Endostyle and peripharyngeal bands are present and a con- 
tinuous cord of mucas-entangled prey 
jg (jj-awn into the stomach (Fig. 39). 
The appendicularians show consider- 
able diversity in the structure of the 
stomach and digestive apparatus. 
The intestine {int.) ends at the anus 
(an.), which opens on the median 
ventral line in front of the stigmata. 

In most appendicularians the 
heart consists of a simple, rapidly 
beating sac, but in others (Fritillaria) 
it is said to be composed of two highly 
specialised cells which are equipped 
with fibrillar projections extending 
and uniting. In Kowedevskia the 
heart is absent altogether. 

Two ganglia constitute the essent- 
ial nervous units of the body. The 
•r cerebral ganglion (Fig. 39, ne. gn'.) is situated on the dorsal side of 
ith. A large nerve rvms forward from this ganglion and divides to form 
around the mouth; this supplies the sensory cilia of the buccal 
The middle part of the ganglion contains a sensory vesicle with a 
ed otolith. From the anterior ganglion there runs also a second large 
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39. — Order €k)pelata« Family Oiko- 
Appendieularia, From the right 
an. anus; ht, heart; int. intestine; ne. 

ne\ caudal portion of nerves; ne. gn'. 
pal nerve-ganglion ; ne. gn.", ne. gn.'" first 
nglia of nerve of tail; note, notochord; 
ophagus; or. ap. oral aperture; oto. 
(statocyst) ; peri. bd. peripharyngeal 
\ph. pharynx; tes. testis; stig. one of the 
stom. stomach. (After Herdman.) 
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nerve which joins the (proximal) caudal ganglion (ne. gn",), situated to the left 
of the root of the tail. The tail is twisted through 90®, so that its dorsal edge, 
with its nerve cord, is to the left, as in the tadpole larvae of many ascidians. 
The tail muscles, which consist of two rows each of ten cells, are therefore 
arranged so that each of these rows is above and below the notochord (though 
morphologically on its right and left sides). The muscle cells are supplied 
with nerves from a corresponding number of ganglionic enlargements of the 
nerve cord. This appearance of segmentation is quite different in scale from 
the segmentation of higher chordates, since it involves individual cells, not 
somites. The generally minute bodies of Larvacea are composed of remarkably 
few cells. The notochord, for instance, is formed from about twenty cells in a 
single row, as compared with about forty such fcells in the ascidian tjdpole 
larva. | 

In one species, Oikopleura dioica, individuals are either male, with a single 
testis, or female, with a single ovary. All other appendicularians, so far as is 
known, are hermaphrodite. In the posterior part of the trunk there occur a 
single ovary and a single testis or paired testes. When sexual maturity ocburs 
the ripe ova leave the trunk by rupture of the body-w'all, after which the 
animal gradually dies. The testis has a duct to the exterior. The development 
of the appendicularian is very like that of the ascidians, except that the former 
seem to exhibit a precocious differentiation when the various developmental 
stages are compared. 

Affinities. — Several views have been advanced concerning the phylogehetic 
significance of the tailed appendicularian, and its relationships with the other 
tunicates and the protochordates in general. Perhaps the most satisfactory 
hypothesis is that the adult appendicularian , so like the ascidian tadpole , is in fact 
essentially a neotenic ascidian larva. In this view it is held that the develop- 
ment of sexual maturity, along with other complexities in the larval form, 
would lead to the elimination of the ancestral adult phase. Subsequent to the 
above paedomorphosis, other changes may have led to the development of the 
forms that are living today. 

It must be stressed, however, that several authorities believe that appen- 
dicularians are merely primitive tunicates and a degenerate offshoot from 
vertebrate stock. A third view is that they are neotenic doliolids which have 
retained the tail, lost the cloaca, and converted the test into the appendicularian 
'house'. 
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SUB-PHYLUM ACRANIA (CEPHALOCHORDATA) 

T he Acrania consists of a single class — the Cephalochorda — ^which was 
once held to include two families : first, the Branchiostomida, and 
secondly, the Amphioxidida. The first contains two genera, Branchio- 
stoma (which is usually known by the name of one of its sub-genera, Amphioxus) 
and Asymmetron. The organisms once believed to belong to the second 
‘ family ’ are actually larval individuals of the genus Asymmetron. 

The Acrania are immensely important in any consideration of the compara- 
tive anatomy and systematic relationships of the Chordata. Amphioxus, for 
example, possesses no separate head, brain, eyes, auditory apparatus, or jaws, 
yet its nervous and blood vascular systems are clearly of the same general 
pattern as those which we see more highly elaborated in the fishes, amphibians, 
reptiles, birds, and mammals. Certain features of the digestive system, too, 
have much in common with the digestive arrangements of vertebrates. On 
the other hand, the apparatus of ingestion is strikingly similar to that of the 
tunicates. At the same time, Amphioxus possesses excretory mechanisms 
which, in part, resemble not those of the other protochordates, nor that of the 
Echinodermata, but are. instead, surprisingly akin to those of the fiatworms, 
Mollusca and Annelida (Vol. I). Amphioxus exhibits a well-developed noto- 
chord, hollow dorsal nervous system, and gill-slits in the adult as well as in 
the larval form. Although seemingly primitive and helpless, the Branchio- 
stomidae are in fact very successful : they occur in suitable habitats all over the 
world. On the Chinese coast at least one species is sufficiently common to be 
sold in bulk in the fish-market. 

EXAMPLE OF THE SUB-PHYLVM.-THE LANCELET (AMPHIOXUS) 
The remarkable little Lancelet,^ Branchiostoma lanceolatum (~ Amphioxus 
lanceolatus), which ranges from the Mediterranean to the North Sea, may be 
taken as a suitable t5?pe. The lancelet swims actively, but is primarily a 
sand-burrowing creature, and is therefore confined to shallow waters. It is a 
small, almost transparent, superficially fish-like animal, and its length does not 
exceed 5*8 cm., or less than 2 inches. The body is compressed, elongated, 
and, as the name suggests, pointed at both ends (Figs. 40 and 41). The 
anterior two-thirds of the body is roughly triangular in transverse section, 
having right and left sides inclined towards one another dorsally, and a convex 
ventral surface. The posterior third is nearly oval in section, the right and left 
sides meeting above and below in a somewhat sharp edge. Extending along 

* The name Lancelet is the diminutive of the Devon name for the Lance or Sand-Ml (Antmo- 
dytes). The use of the name Amphioxus as a generic term is, strictly speaking, unjustifiable since 
Branehiostoma (given by Costa in 1834) antedates Yairell’s Amphioxus by two years. 
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the whole of the dorsal border is a median longitudinal fold, the dorsal fin 
{dors. /.). This is continued round the posterior end of the body and extends 
forwards, as the ventral fin {vent./.), as far as the region where the oval trans- 
verse section passes into the triangular. The portion of the continuous median 
fold which extends round the pointed posterior extremity of the body is some- 



Fig. 40. — Order Branchiostomida, Family BranchiostomidaBt Branchio»toma. Am]>hioxus 
{B. lanceolatitm) generally live.s buried (except /or part of the buccal apparatus) in the sandy floor 
of the shallows. It is sometimes found m fine shell gravel. (Kedrawn after Hesse, Allee, and 
Schmidt.) 



Fxg. 41. — ^Amphions. A. ventral, B, side view of the entire animal, an. anus. atrp. atrio* 
pore; ed.f. caudal fin; cir. cirri; dors,f. dorsal fin; dars.f, r. dorsal fin-rays; gan. gonads; ntipl. 
metapleure; ntyom, myomeres; nch. notochord; or. hd. oral hood; vent. f. ventral fin; vent. j. r. 
ventral fin-rays. (After Kirkaldy.) 

what wider than the rest, and may be distinguished as the caudal fin (ed.f,). In 
the anterior two-thirds of the body there is no median ventral fin, but at the 
junction of each lateral with the ventral surface is a paired longitudinal f<^, the 
metapkure {nUpL), which extends forwards to the oral hood mentioned in the 
next paragraph. It is important to realise, however, that these fins present none 
of the structural elaboration that exists in the fins of the true vertebrate fishes. 
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Below the pointed anterior extremity is a iar;ge median aperture surrounded 
by a frill-like membrane, the oral hood {or. hd.), the edge of which is beset with 
numerous tentacles or cirri {dr.). The oral hood encloses a cup-shaped cavity 
or vestibtile, which communicates with the mouth (Fig. 43, mth.). On the wall of 
the oral hood is a specially modified tract of the epitheiium divided into finger- 
shaped lobes. The cells of this tract, which is known as the wheel-organ, are 
provided with long cilia. The mctachronal waves of the cilia reminded 
observers of the 'wheel organ' of rotifers, hence the name used. The move- 
ments of these cilia collect food particles which fall out of the main stream. 
Along the roof of the vestibule runs a ciliated groove — ^the groove of Hatschek. 
Immediately in front of the anterior termination of the ventral fin, and partly 
enclosed by the metapleures, is a rounded aperture of considerable size, the 
airiopore {atrp.). A short distance from the posterior extremity of the body is 
the anus {an.), placed as3mimetrically on the left side of the central fin. The 
post-anal portion of the body is distinguished as the fail. 

Amphioxus ordinarily lives with the greater part of the body buried in sand, 
only the anterior end with the expanded oral hood protruding. It also swims 
quickly but erratically, and frequently hes on one side on the sand. It burrows 
head or tail foremost, with great rapidity. A current of water, used in feeding 
and respiration, is constantly passing in at the mouth and out at the atriopore. 

Body-wall. — ^The body is covered with an epidermis (Fig. 42) formed of a 
single layer of columnar epithelial cells, some of which are specialised as 
nerve cells while some are luiicellular glands. On the surface of the epidermis 
is a cuticle jserforated by pores. The epithelium of the buccal cirri presents 
at intervals regular groups of sensory cells, some of them bearing stiff sensory 
hair-like structures, others cilia. Beneath the epidermis is the dermis, formed 
mainly of connective-tissue. 

The muscular layer {my., myom.) is remarkable for exhibiting metameric 
segmentation. It consists of a laige number — about sixty— of muscle-segments 
or myomeres, separated from one another by partitions of dense connective- 
tissue^ the niyocommas, and having the appearance, in a surface view, of a series 
of very open V's with their apices directed forw'ards (Figs. 41 and 43). Each 
myomeYe is composed of numerous flat, striated muscle-plates, arranged longi- 
tudinally, so that each is attached to two successive myocommas. By means 
of this arrangement the body can be bent from side to side with great rapidity. 
The myomeres of the right and left sides of the body are not opposite to one 
another, but have an alternate arrangement. A special set of transverse muscles 
(Fig. 44 mt.) extends across the ventral surface of the anterior two-thirds of 
the body, lying in the floor of the atrial cavity (see below). 

Thus in the Lancelet we see for the first time in chordates a clear-cut body 
segmentation and the consequent ability to swim actively by lateral body 
flexion effected by the serial contraction of muscle blocks operating 
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synchronously under the control of a relatively elaborate central nervous system 
(see p. 57 ). Another striking and characteristic feature of the muscular layer 
of the body-wall is the immense thickness of its dorsal portion. In the higher 
worms and many other invertebrate animals the muscles form a layer of 
approximately equal thickness surrounding the body-cavity, which contains, 
among other organs, the central nervous system. In vertebrates, on the other 
hand, the dorsal body-wall is greatly thickened, and in it are contained both the 
nervous system and the notochord. 



Fig. 42. — Amphionis: Visceral relationships. A, Pharyngeal regiun. a. dorsal aorta;; b. 
atrium; c. notochord; ro. coelom; c. endostyle; gonad; branchial lamella;; W. pharynx; 
/. liver; my. myomere; n. nephridium; r. nerve cord; sn. spinal nerves; B, Intestinal region, 
air. atrium; c<a/. coelom; d. ito. dorsal aorta. »«/. intestine; myom. myomere; ncA. notochord; 
neu. nerve-cord; s. itU, v. sub-intestinal vein. (A, from Hertwig, after Lankester and Boveri; 
B, partly after Rolph.) 

Skeleton. — ^The chief of the skeletal or supporting structures of the Lancelet 
is the notochord (Figs. 42 and 43, c., nch.), a cylindrical rod, tapering at both 
ends, and extending along the whole length of the body in the median plane 
It lies immediately above the enteric tract and between the right and lef 
myomeres. It is composed of a peculiar form of cellular tissue known a 
notochordal tissue, formed of large vacuolated cells extending from side to sid 
of the notochord, and having the nuclei confined to its dorsal and ventn 
regions. Around these cells is a structureless layer, secreted by the cell! 
enclosed in a notochordal sheath of connective-tissue, which is produced dorsal! 
into an investment for the canal enclosing the central nervous system. T 1 
notochord, like the parenchjmia of plants, owes its resistant character to tl 
vacuoles of its component cells being tensely filled with fluid. This produces 
condition of turgescence. The notochord has not the function of most end 
skeletal structures, i.e., to act as a strut against the pull of volxmtary muscl 


PHYLUM CHORDATA 


Rather, it is probable that a principal function of the notochord is to prevent the 
shortening of the body that would ^ a'S’S ®’S 

follow the contraction of longitudi- J 1 J 1 ^ 

nal muscles if such an elongated. | 

and somewhat rigid and elastic * 

median rod were absent. In Am- Vj 

phioxus, alone among the chordates, a a ^ 1 

the notochord extends anteriorly in I* " 

front of the cerebral vesicle. It has S i”'i i I ® 

been suggested that this prolonga- Mj 

tion is an adaptation to its habit of 

burrowing rapidly into the sand. ^ 

The oral hood is supported by a / ^ " "i § 

ring (Fig. 43. sA.) of cartilaginous 

consistency, made up of separate rod- fjf.„ |l‘^S5"-S 

like pieces arranged end to end, and M g I s "S 

corresponding in number with the z W « ” E* 
cirri. Each piece sends an off-shoot ’^'^ ’1 ^BK 4 -e 

into the cirrus to which it is related, a s ^ 

furnishing it with a skeletal axis. ^ wKii g’§|.H^'S 

The phaiynx is supported by V g g 

delicate oblique rods of a firm ~ 

material, apparently composed of | fjPBHMljF 
agglutinated elastic fibres, the gilt- f 3 - 1 x 

rods {br. r.). These will be most 
conveniently discussed in con- § t- 

nection with the pharynx itself. ^ ^-’al'.irS 

The dorsal fin is supported by a | 

single series and the ventral fin by 

a double series of fin-rays {dors.f.r., "g I ” ? 

veni.f.r.), short rods of connective- * 

tissue, continuous with the invest- * »?'5 I 

ment of the neural canal and sepa- " M 

rated from one another by small ^''H| 

cavities (/ym^A-s/ac«s). ■j'MBMBrV.a.., 

Alimentary Canal and Associated | j ^ ^ ^ 

Structures. — ^The mouth (mth.), as |44^>| 5|| :|..j 

already mentioned, lies at the bot- S'°. « x-- v 

tom of the vestibule or cavity of the ^ 

oral Hood (or, /. A<f.). It is a small * .fe’.fe<S'§a 


ii's g-i % 


1^1. 




5|8 ll 

^ «:.S-a S 


oral Hood (or. /. hd.). It is a small " i .fe <S •§ a 

circular aperture surroimded by a membrane, the velum (vl.), which acts as a 
sphincter, and has its free edge produced into a number of velar tentacles {vl. t.). 
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The mouth leads into the largest section of the enteric canal, the pharynx 
(ph.), a high, compressed chamber extending through the anterior hsdf of the 
body. Its walls are perforated by more than a hundred pairs of narrow oblique 
clefts, the gill-slits or branchial apertures (br. d.), which place the cavity of the 
pharynx in communication with the atrium (see below). The posterior end of 
the pharynx leads to the tubular intestine (int.), which extends backwards 
almost in a straight line to the anus. 

On the ventral wall of the pharynx is a longitudinal groove, the endostyle 
(Fig. 42, A, e.), lined by ciliated epithelium containing groups of gland-cells. 
This is homologous with the endostyle in the ascidians. A somewhat similar 
structure, the epipharyngeal groove, extends along the dorsal aspect of the 
pharynx. Its sides are formed by ciliated cells,* which, at the anterior /end of 
the groove, curve downwards, as the peripharyngeal bands, and join the anterior 
end of the endostyle. \ 

Just behind the anterior end of the intestine there arises ventrally a’ blind 
pouch, the mid-gut diverticulum, the so-called liver (Fig. 43, Ir.) extending for- 
wards to the right of the pharynx. This is lined with glandular epithelium and 
secretes digestive enz3mies (a lipase and a protease) which are carried into 
the lumen of the mid-gut by ciliary activity. It is also a place where fat is 
stored. 

The gill-slits (br. cl.) are long, narrow clefts, which slope antero-dorsally, so 
obliquely that many always appear in a single transverse section. The clefts 
are more numerous than the myomeres in the adult, but correspond in number 
with them in the larva. Hence they are fundamentally metameric, but under- 
go an increase in number as groAvth proceeds. 

The branchial lameUce (Fig. 43, br. sep.. Fig. 42, A, kb.), or portions of the 
pharyngeal wall separating the clefts from one another, are covered by an 
epithelium which is for the most part endodermal in origin, and is composed of 
greatly elongated and ciliated cells. On the outer face of each lamella, however, 
the cells are shorter and not ciliated. These are actually portions of the 
epithelial lining of the atrium, and of ectodermal origin. Each lamella is 
supported towards its outer edge by one of the branchial rods (Fig. 43, br, r.). 
These are narrow bars united with one another dorsally by loops, but endii^ 
below in free extremities w*hich are alternately simple and forked. 

The forked bars are the primary rods (br. r. x). Those with simple ends are 
the secondary (br. r. 2) branchial rods. The lamellae in which they are contained 
are similarly to be distinguished as primary lamella (br. sep. i) and secondary 
or tongue-lameUce (br. sep. 2). In the young condition, the .two clefts between 
any two primary lamellae are represented by a single aperture. As develop- 
ment proceeds, a downgrowth takes place from the dorsal er^e of the aperture, 
foming, as in Balanoglossus, a tongm which extends downwards, divt^ng the 
original cleft into two, and itself becoming a secondary lanr^Jla. A further 
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complication is produced by the formation of transverse branchial junctions or 
synapticula, supported by rods connecting the primary septa with one another 
at tolerably regular intervals. 

Atrium. The branchial clefts lead into a wide atrium which is a chamber 
occupying most of the space between the body-wall and the pharynx (Figs. 42, 
B, and 43> otr.). It is crescentic in section, surrounding the ventral and lateral 
regions of the pharynx, but not its dorsal portion. It ends blindly in front. It 
opens externally, behind the level of the pharynx, by the atriopore (alrp.). 
It is continued backwards by a blind, pouch-like extension {atr.) lying to the 
right of the intestine (Fig. 42, B, atr.). The whole cavity is lined by an atrial 
epithelium of ectodermal origin. 

Ingestion, Digestion, and Absorption.— In broad outline these take place as 
follows : Tire cirri are turned inwards and form a grating when feeding, exclud- 
ing sand. At the same time a stream of water, with its contained organic food 
substances, is sucked into the mouth. This current, as in protochordates 
generally, is fjrincipally due to the activity of the lateral cilia which line the 
gill-slits. These beat outwards into the atrial cavity. The cilia of the wheel- 
organ beat at right angles to its winding course, in the general direction of the 
mouth. They cause fine particles, which fall out of the main stream entering 
the mouth, to collect in shallow grooves between the lobes of the organ. Thence 
these particles are gradually drawn into the mouth, wrapped in mucus. Within 
the pharynx sheets of mucus (produced by gland cells in the ventral endostyle) 
are driven posterodorsally across the gill-slits by the frontal cilia. These lie 
on the surfaces of the gill-bars facing the pharyngeal lumen. The dorsal 
movement of the mucus is assisted anteriorly by the cilia of the peripharyngeal 
bands. As the excurrent water passes through the gill-slits, particles of food 
w'hich remain suspended in it are entrapped by the mucus. The resultant 
mixture of slime and nourishment is directed into the epipharyngeal groove. 
The cilia there beat posteriorly, conveying the food-cord into the intestine. 

Digestion begins in the mid-gut, where the food is mixed, by ciliary activity, 
with carbohydrate-, fat-, and protein-splitting enzymes. These are secreted 
by the epithelium of the diverticulum and mid-gut. Food does not normally 
enter the diverticulum. Absorption takes place in the hind-gut, and to a lesser 
degree in the hinder part of the mid-gut. It is also pnassible that some absorp- 
tion occurs in the diverticulum. There is evidence that intracellular digestion 
also occurs at least in the hind-gut (Barrington). Most of the digestion occurs 
apparently after the food and mucus cord has passed the ilio-colon ring. 
This is a powerfully ciliated region (at the hind end of the mid-gut) which 
imparts a rotary movement to the food-cord as it passes into the hind-gut, and 
where the secretions of the mid-gut are admixed. The mechanical agitatimi 
seems to be transmitted to the part of the cord still in the mid-gut, and so 
possibly facilitates the action of oizymes in that area as well. 
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Coelom. — The relationship of the coelom with the peripheral structures is 
easily grasped if we think of the whole body essentially as two tubes, firstly, an 



outer ectodermal layer, and 
secondly, an inner endodermal 
alimentary canal. The space 
between the two is the coelom, 
and it is lined by coelomic 
epithelium of mesodermal 
origin. During development 
this simplicity can be seen 
much more clearly. Owing 
to the immense size of the 
atrium, the coelomic body- 
cavity is much reduce^. It is 
represented, in the phairyngeal 
region, by paired cavities (Fig. 
42, A. CO., Fig. 43, arl.. Fig. 
44, sc.) lying one on either side 
of the dorsal region of the 
pharynx above the atrium, 
and connected by narrow 
canals in the primary branch- 
ial lamellae (Fig 44, right side) 
with a median longitudinal 
space below the endostyle 
(ec.). In the intestinal region 
it entirely surrounds the intes- 


Fig. 44.— Amphiosiu: PhatniCWl ngioil. Trans- 
verse section, passing on the right through a primary, on 
the left through a secondary branchial lamella, ao. dorsal 
aorta; c. dernus; ec. endostylar portion of coelom; /. 
fascia or investing layer of myomere; fh. compartment 
containing fin-ray; g. gonad; gf. glomerulus (modified part 
of branchial artery in relation to nephridium) ; k. branchial 
artery; M. pharynx; Id. combined atrial and coelomic wall 
(ligamentum dentkulatum) ; m. myomere; mf. transverse 
muscle: «. nephridium; of. metapleural lymph-space; 
p. atrium; sc. coelom; si. ventral aorta; sh. sheath of 
notochord and nerve-cord; uj. spaces in ventral wsJl. 
(From Korschelt and Heider, alter Boveri and Hatachek.) 


tine, but is much reduced on 
the right side, being displaced 
by the backward extension 
of the atrium (Fig, 42, B, atr.. 
Fig. 43, atr\). On the left side 
a forward extension of it sur- 
rounds the liver (Fig. 42, A,l.). 
Separate cavities lie in the 
metapleures. 

Blood-vaseuiar System.— 


Although Amphioxus does not 
possess a heart, its circulatory S3rstem is in general outline strikingly similar 
to those that we see in increasing complexity in the vertebrate series. 
Although the principal arteries have muscular walls, and the dorsal aorta has 
an endothelial lining, most blood-vessels are very similar but, owing to certain 
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hoinologies with the more complex vessels of the Craniata, some of them are 
called arteries and some veins. 

Ljjdng in the ventral wall of the phar5mx, below the endostyle, is a median 
longitudinal vessel, the ventral aorta (Fig. 44, sL, Fig. 45, v. ao.). This is 
contractile, and drives the blood forwards. From it are given off, on each side, 
lateral branches, the afferent branchial arteries (Fig. 44, k. ; Fig. 45, a/, br. a.), 
with small contractile dilations at their bases. These force blood through the 
vessels of the branchial lamellae which communicate by cross-branches with 
similar vessels {of. br. a\) in the secondary or tongue-lamellce. The blood is 
exposed to what is probably a respiratory current while traversing these vessels. 
The blood, however, carries no respiratory pigment and no proof of oxygenation 
in the present situation has yet been obtained. The blood leaves the branchial 
lamellae dorsally by efferent branchial arteries (ef. br. a.). These open on each 
side into paired longitudinal vessels, the right and left dorsal aorta {d. ao.), lying 



Fig. 45. — Amphioziis: Blood vatonlar system, a/, br, a. primary afferent branchial vessels; 
af. br. a\ secondary afferent branchial vessels; br. cl. branchial cleft; cp. intestinal capillaries; 
d. ao. paired dorsal aorta*; d. ao'. median dorsal aorta; e.J br. a. efferent branchial arteries; hep. 
port. V. hepatic portal vein; hep. v. hepatic vein; tnt. intestine; Ir. liver; ph. pharynx; s. int. v. 
sub-intestinal vein; v. ao. ventral aorta. 

one on either side of the epipharjmgeal groove. Anteriorly both dorsal aortae 
are continued forwards to the region of the snout. The right aorta is much 
dilated. Posteriorly they unite with one another, behind the level of the 
pharynx, into an unpaired dorsal aorta (d. ao'.). This extends backwards in the 
middle line, immediately below the notochord and above the intestine. 

The unpaired dorsal aorta sends off branches to the intestine. In the 
intestinal walls, these break up to form a plexus of microscopic capillary-like 
vessels. From these the blood is collected and poured into a median longi- 
tudinal vessel, the sub-intestinal vein (Figs. 42, B, and 45, s. int. v.), lying 
beneath the intestine. In this trunk the blood flows forwards, and, at the origin 
of the 'liver', passes into a hepatic portal vein {hep. port, v.), which extends along 
the ventral side of the 'liver' and breaks up into minute vessels in that organ, 
prom the 'liver' the blood makes its way into a hepatic vein {hep. v.), which 
pxtends along the dorsal aspect of the digestive gland, and. turning downwards 
knd forwards, joins the posterior end of the ventral aorta. 

^ It will be seen that the vascular system of Amphioxus consists essentially 
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of (a) a dorsal vessel represented by the paired and unpaired dorsal aortae, 
(b) a ventral vessel represented by the sub-intestinal vein and the ventral aorta, 
and (c) commissural vessels represented by the afferent and efferent branchial 
arteries and the intestinal capillaries. So far the resemblance to the vascular 
system of annelids is fairly close, but two important differences are to be 
noted. The blood in the ventral vessel travels forwards, whereas that in the 
dorsal vessel travels backwards — ^the precise opposite of what occurs in worms. 
The ventral vessel is broken up, as it were, into two parts, by the interposition in 

its course of the minute vessels 
of the ‘liver’. Thus, all the 
blood from the intestine has to 
pass through that organ bemre 
reaching the ventral aona. 
This passage of the intestinal 
blood supply through the v^- 
sels of the ‘liver’ constitutes 
what is called the hepatic portal 
system, and is eminently charac- 
teristic of vertebrates (pp. 112, 

245). 

The blood is colourless, and 
appears to contain no leucocy- 
tes. It is not confined to the 
true blood-vessels just de- 
scribed, but occurs also in cer- 
tain cavities or lymph-spaces. 
The most important of these 
are the cavities in the dorsal 
and ventral fins containing the 
fin-rays (Fig. 44,/A.) , and paired 
canals in the metapleures {of.). 
It has been suggested that a 
considerable proportion of the meagre amoimt of oxygen required by Amphioxus 
may be taken into the blood-stream through these superficial areas. 

Excretory Organs. — The excretory system of Amphioxus is of outstanding 
interest in that, unlike the blood-vascular and nervous systems, it shows no 
similarity whatever with that of the Craniata. Neither has it any affmity with 
that of the Echinodermata. 

The principal organs of excretion are about ninety pairs of peculiarly 
modified nephridia (Fig. 43, nph.) situated above the pharynx and in relation 
with the main coelomic cavities. Each nephridium (Fig. 46) is a bent tube 
consisting of an anterior vertical and a posterior horizontal limb. The vertical 



Fig. 46. — Amphiozns: Heptaiidinm. Of the left side 
with part of the wall of the pharynx. (From Willey, 
after Boveri.) 
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limb ends in a large group of solenocytes (flame-cells) (Fig. 47) . There are several 
smaller groups on the horizontal limb. The organ thus closely corresponds to 
the type of nephridium with closed inner end bearing solenocytes such as 
occur in certain of the Polychaeta and other invertebrate groups. On the 
ventral surface of the horizontal limb, opposite a secondary branchial lamella, 
is a single aperture bearing long cilia and opening into the atrium. This 
corresponds with the nephridiopore or 
external aperture of the typical nephri- 
dium. Through this aperture to the 
atrium are driven the waste nitrogenous 
products that have been taken up by the 
solenocytes. Goodrich has calculated 
that, in a specimen containing some 500 
solenocytes about 50/a long in each of its 
perhaps 200 nephroids, the total excretory 
length would be no less than 5 metres. 

(The entire animal is less than 5 centi- 
metres long.) 

An excretory function has also been 
assigned to a single pair of organs called 
the broum funnels (Fig. 43, br. /.), also 
situated on the dorsal aspect of the 
pharynx at its posterior end. Their wide 
backwardly-directed ends open into the 
atrium; their narrow anterior ends have 
been said to communicate with the ccelom. 

Nervous System. — ^The central nervous 
system of Amphioxus consists of a dorsal 
nerve cord (Fig. 42, A, r; B, neu. Fig. 43, 
sp. cd.) lying in the neural canal imme- 
diately above the notochord. It is roughly 
triangular in transverse section. An- 
teriorly it ends abruptly, some distance 
behind the anterior end of the notochord. 

Posteriorly it tapers to a p>oint over the hinder end of the latter. It is traversed 
by an axial cavity, the neuroccele (Fig. 43. cetd. c.), connected with the mid- 
dorsal region by a longitudinal cleft — ^the dorsal fissure. At the fore-end of the 
nerve-tube the neurocoele becomes dilated, forming a considerable cavity, the 
encephalocode or cerebral ventricle (Fig. 43, en. cce.. Fig. 48, c.v.). A little behind 
this the dorsal fissure widens out above to form a trough-like dorsal duration 
(dU.) covered only by the delicate connective-tissue sheath which invests the 
whole nerve-tube. The anterior end of the nerve-cord, containu^ these two 



Fig. 47.— AoqMiionu: Solenocytei. 

Showing nuclei, long flagella and the 
open'ngs into the main excretory canal 
which leads to the atrium. ( From Y oung, 
after Goodrich.) 
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cavities, may be considered as a primitive brain although it is not distinguish- 
able externally from the remaining portion or spinal cord. 

The anterior and dorsal region of the brain is produced into a small, hollow- 
pointed pouch which comes into relation with the olfactory organ and is called 
the median olfactory lobe. Embedded in the posterior and ventral walls of the 
cerebral ventricle is a structure composed of small cells, the infundibular organ. 
These cells are ciliated, and the organ is probably one of special sense, but this 
has not been proved. In the young animal the cerebral ventricle opens up by 
a neuropore (Fig. 48, B, np.) which subsequently closes. 



Fig. 48. — Ampiiiosoa: 
Nammi nmtom. A, ’ brain 
and cerebral nerves of a 
young specimen; IS, trans- 
verse section through neuro- 
pore; C, behind cerebral ven- 
tricle; D, through dorsal 
dilatation, ch. notochord ; 
c. V. cerebral ventricle; dtl. 
dorsal dilatation; e. pigment- 
spot; np. neuropore; olj. 
Kdlliker’s pit; I, U, cerebral 
nerves. (From Willey, after 
Hatschek.) 


The nerve-cord is mainly composed of longitudinal nerve-fibres with 
abundant nerve-cells mostly grouped around the neuroccele. At intervals 
gimt nerve-cells occur. • These multipolar cells of immense proportional size are 
connected with nerve-fibres of unusual thickness, termed giant fibres. The 
peripheral nervous system is simple, but is on the same fundamental pattern 
that occurs in the Craniata. From the dorsal nerve-cord are given off a dorsal 
and a ventral nerve-root on each side to every segment. The roots are not 
united. Each ventral root carries motor-fibres to a myotome. These motor- 
fibres terminate on muscle-fibres at motor end-plates like those of vertebrates. 

The dorsal roots, on the other hand, pass between the myotomes. They 
carry sensory fibres from the respective segment, and motor-fibres to the non- 
myotomal muscles of the ventral sections of the body. Some dorsal roots carry 
fibres which supply the gut-wall where, similar to the vertebrates, a nerve- 
plexus occurs. Two pairs of dorsal roots — the cerebral nerves (Fig. 48 , 1 and H) 
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— ^arise from the brain in front of the first myomere. The first comes from 
the anterior extremity and the second from its dorsal region. These bring 
impulses from the tentacles and sense*organs of the oral hood. There 
are no corresponding ventral roots in the cephalic region. The walls of 
the atrium, both ventral and parietal, contain a system of neurones 
which, lying in or just below the epithelium, have connexions with the 
central nervous system and may be of sensory as well as motor significance. 
The presumed sensory fibres which in various regions appear to contribute 
to the dorsal spinal roots are never aggregated into ganglia as in verte- 
brates. 

Organs of Special Sense. — ^At the level of the anterior end of the brain is a 
narrow ciliated depression called Kdlliker’s pit (Figs. 43, 48). This opens 
externally on the left side of the snout and was once thought to be an organ of 
smell. It is not innervated. In the larva its cavity is in direct communication 
with the neurocoele through the neuropore (np.). 

An unpaired pigment-spot (e.) in the front wall of the brain is usually re- 
ferred to as a median cerebral eye. However, there is no lens or other 
accessory apparatus, and experimental evidence seems to show that this so- 
ipalled eye is not sensitive to light. In fact, it has been suggested that, in 
|this animal which lies with its anterior end protruding from the sand, the 
^notion of the pigmented area is actually to prevent light from penetrating 
'Vertically to the undoubted photoreceptors which occur further down the 
nerve-cord. 

There is no trace of auditory organs. The groove of Hatschek, on the roof 
>f the buccal cavity, has had sensory fxmetions ascribed to it, but no proof has 
been forthcoming. Lastly, the sensory cells on the buccal cirri probably give 
|these organs important tactile and perhaps other functions. 

Reproductive System. — ^The sexes are separate, but apart from the repro- 
ductive organs there is no difference between male and female. The gonads 
i^Figs. 42^, Fig. 43, gon., and 44, g.) occur as about twenty-six pairs of pouches 
^arranged metamerically along the body-wall. They project into the atrium 
and largely fill its cavity. The inner or mesial face of each pouch is covered 
by atrial epithelium which is pushed inwards by the growth of the gonads. 
Within this, and completely surroimding the reproductive organ, is a single 
layer of epithelium which is shown by development to be ccelomic. Hence each 
gonad is surrounded by a closed ccelomic sac. 

When ripe, the inner walls of the gonadal pouches burst. The ova or 
[sperms then make their way into the atrium and are thence (according to both 
^Kowalevsky and Hatschek) emitted through the mouth to the external water. 

be lairf eggs are covered by a thin vitelline membrane, to which a second, inner 
\p^-viteUine membrane is added, the substance of which is derived from droplets 
^n the protoplasm. 
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Development. — After maturation (Fig. 49, A) and fertilisation in the 
surrounding sea-water, the membranes separate from the developing egg, leav- 
ing a wide space around it. Segmentation is complete, there being very little 
yolk. It begins by a sagittal cleft dividing the egg into two (B), and is followed 
by a second cleft, also meridional, at right angles to the first (D). Next, an 


B 



Fig. 49. — Amphiosos: Dmlopmaat. Segmentation of the oosperm. Z>, the four-celled 
stage from above; G, vertical section of H; K, vertical section of the blastula stage /. (From 
Korschelt and H eider, after Hatschek.) 

approximately equatorial cleavage takes place, and so the embryo now consists 
of eight cells (£), of which the four belonging to the upper hemisphere, distin- 
guished by the presence of the polar bodies, are smaller than the lower four. 
Apertures at the poles lead into a central cavity. Further meridional and 
latitudinal divisions take place, and the embryo becomes a Uasttda (I, K). It 
now encloses a spacious blastocoele. The cells on its lower pole (megameres) are 
larger than the rest (micromeres). The polar apertures disappear owing to the 
closer approximation of the cells. 
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Invagination then takes place (Fig. 50, il), due to the rapid multiplication 
of the micromeres. The lower pole of the blastula is gradually pushed in until 
the whole lower hemisphere is in complete contact with the upper hemisphere 
and the blastoccele is obliterated {B). The gastrula thus formed is at first 
basin-shaped, having a very wide blastopore, but its cavity (the archenteron) 
gradually deepens, and the blastopore is reduced to a comparatively narrow 
aperture (C). At the same time the aspects of the body are marked out. The 
dorsal surface becomes flattened, the ventral convex. The blastopore marks 
the posterior end and is distinctly dorsal in position. Cilia are developed from 
the ectoderm cells and their vibration causes the embryo to rotate within its 
membrane. 

The ectoderm cells forming the median portion of the flattened dorsal 
surface now become differentiated and sink below the rest, giving rise to the 



Fig. so. — Amphtoroi: Devatopment. Three stages in the formation of the gastrula. (From 
Korschelt and Heider, after Hatschek.) 


medullary plate (Fig. 51, A, mp.). The ordinary ectoderm cells on each side 
of this plate rise up as a pair of longitudinal medullary folds {hb.), extend towards 
the middle line, and unite {B, M>.) to cover the medullary plate. The latter 
bends upwards at the sides and becomes trough-like instead of flat (C). The 
two sides come in contact with one another above and so the plate is converted 
into a tube, the nerve-cord [D, n.). This encloses a central canal, the neuroccele, 
which continues dorsally into a narrow cleft. The medullary folds extend 
behind the blastopore and unite : the result is that the blastopore now opens 
into the neuroccele and becomes known as the neurenteric canal (Fig. $2, A, cn.). 
Anteriorly the folds remain apart up to a late period, so that the neuroccele 
opens externally in front by a wide aperture, the neuropore (Figs. 53, and 54, 
np.). 

While the central nervous system is thxis being formed, the wall of the 
archenteron develops dorso-laterally a pair of longitudinal folds (* in Fig. 51, 
A and B). The cavities in these, continuous with the archentenm, are the 
beginnings of the enteroccelic system. Transverse folds appear and divide 
the longitudinal folds into segments, with the result that the archenteron 
comes to have appended to it dorso-laterally a paired series of offshoote, the 
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enkrocalic or cceUmic pouches (Fig. 51. »»*.). arranged metamericaUy. In this 
way segmentation is established. At this period the embryo ruptures its 
containing membrane and begins free existence. Before long the coelomic 
Douches separate from the archenteron and take on the form of a series of closed 
aelomic sacs or somiks (Fig. 51, C. D). lying between ectoderm and endoderm. 
From the walls of these sacs the mesoderm is derived. Their cavities unite and 
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Fig. 51. — Anphioxiisi Pftyftlopniw tT Four st&ges in the dcvclopinent of the notochord, 
nervous system, and mesoderm, ah, ectoderm; ch, notochord; dh. cavity of archenteron; hb. 
ridge of ectoderm growing over medullary plate; t^. endoderm; Ih. ccelom; tnh, coelomic pouch; 
mk^, parietal layer of mesoderm; f«A*. visceral layer; mp. medullary plate; n. nerve-cord; ns, 
mesoblastic somite ; • = archenteron. (From Korschelt and Heider, after Hatschek.) 


become the coelom. This is therefore an erUerocode like that of Sagitta and the 
Echinodermata. 

While the coelomic sacs are in course of formation a median groove appears 
along the dorsal wall of the archenteron (Fig. 51, B, C, ch.). It deepens, its 
inner walls unite, and it becomes a solid rod, the notochord (D, ch.), lying 
immediately beneath the nerve-tube. The ordinary endoderm cells soon unite 
beneath it and so shut it off from the archenteron. It will be seen that the noto- 
chord, like the nerve-cord, never exhibits any trace of segmentation. At its 
first formation it stops short of the anterior end of the archenterem : its final 
extension to the end of the snout is a subsequent process. 
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New coelomic pouches are formed in regular order from before backwards, 
the embryo at the same time elongating and becoming laterally compressed 
and pointed fore and aft. At the anterior end the mouth (Fig. 53, m,) appears 


Fig. 52.— AmphiozuB: De- 
velopment. Embryo. A, 
from the side; if, in horizon- 
tal section, ak. ectoderm; 
cn. neurenteric canal; dk. 
archenteron ; ik. endodcrm ; 
mk. mesodermal folds; n. 
neural tube; ud. archenteron; 
us. lirst ccelomic pouch; ush. 
coelomic cavity; V, anterior; 
H. posterior end. (From 
Korschelt and Heider, after 
Hatschek.) 
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Fig. 53.— Amphioxui: Development. A, young larva; B. anterior end more highly magnified. 
c. provisional taU*fin; ch. notochord; cn. neurenteric canal; d. enteric canal; h. coelom of head; 
k. club-shaped gland ; k\ its external aperture; ks. first gill-slit; m. mouth ; mr. nerve-cord; n. p. 
neuropore ; sv. sub-intestinal vein ; w. pre-oral pit. (From Korschelt and Heider, after Hatschek.) 


on the left side of the body as a small apertvne, which soon increases greatly 
in size. On the ventral surface another small aperture, the first giU-dU (is.), 
makes its appearance, and soon shifts over to the right side. Here it forms a 
direct communication between the pharynx and the exterior, like the stigmata 
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of the Appendicularia (Larvacea). There is at 
present no trace of the atrium. 

The anterior end of the alimentary canal has 
meanwhile grown out into a pair of pouches, which 
become shut off as closed sacs. Of these, the right 
gives rise to the coelom of the head (A.), and the left 
to a depression called the preoral pit (w.), which 
opens on the exterior and from which the groove 
of Hatschek and the wheel-organ are afterwards 
formed. The preoral pit also gives rise to Hatsihek’s 
nephridiutn (Fig. 54. x.), a narrow ciliated 1 tube 
which op)ens into the anterior part of the phamnx, 
and runs forwards to terminate blindly in the foof 
of the oral hood. It disappears completely in -the 
adult. 

On the floor of the archenteron in the neigh- 
bourhood of the mouth a depression appears and 
gives rise to a structure known as the club-shaped 
gland {k.), which may be a modified gill-cleft. 
P()sterk)rly the ncurenteric canal closes and the 
anus appears. 

Wc left the mesoderm in the form of separate 
paired somites, arranged metamerically in the dorsal 
region of the embryo. These increase in size, and 
e.xtcnd both upwards and downwards, each present- 
ing a somatic layer (h'ig. 51, D, mk.^) in contact with 
the external ectoderm, and a splanchnic layer (mk.") 
in contact with the nervous system and notochord 
dorsally, and with the enteric canal ventrally. At 
about the level of the ventral surface of the not(t- 
chord a horizontal partition is formed in each 
ccelomic pouch (Fig. 51, £>, C), separating it into a 
dorsal and ventral portion." The dorsal section 
distinguished as the protoverlebra or myotome («.■:■). 
and its cavity as the myocoele or muscle-cavity. The 
ventral section is called the lateral plate mesoderm 
or splanchnoUme, and its cavity forms a segment 
of the coelom. 

The lateral plates now unite with one another 
in pairs below the enteric canal, their cavities be- 


coming continuous. At the same time the cavities of successive lateral plates 
are placed in communication with one another by the absorptitm of th®r 
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jacent (anterior and posterior) walls. In this way the cavities of the entire 
series of ventral plates, right and left, unite to form the single unsegmented 
coelom of the adult, their walls giving rise to the coelomic epithelium. 

At the same time the cells of the splanchnic layer of the protovertebrae 
become converted into muscular fibres, which nearly fill the myocoele, and give 
rise to the myomere. The myocommas arise from the adjacent anterior amd 
posterior walls of the protovertebrae. An outpushing of the spl anchni c layer, 
at about the level of the ventrad surface of the notochord, grows upwards 
between the myomere externally and the notochord and nerve-tube internally. 
From the cells lining this pouch the connective-tissue sheath of the notochord 
and neural canal arises and perhaps also the fin-rays. From the parietal layer 
of the protovertebrae is formed the dermis or connective-tissue layer of the 
skin. 
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Kig. 55. — Amphioxus: Development. Ventral aspect of three larvae showinf; the development 
jf the atrium, ap. atrioporc; k. (;ill-slits; IJ. left mctaplcural fold; m. mouth; rf. right meta- 
jleural fold ; xv. pre-oral pit. (From Korschelt and Heider, after Lankestcr and Willey.) 

The larva increases in size, and becomes very long and narrow, with a 
pointed anterior end and a provisional caudal fin posteriorly (Fig. 53, c). As 
growth proceeds, new segments are added behind those already formed. The 
notochord grows forwards to the anterior end of the snout, and the eye-spot 
(ati.) and olfactory pit appear. The latter is an ectodermal pit which com- 
municates with the neurocoele by the still open neuropore {np.). The mouth 
{m.) attains a relatively immense size and remains on the left side. 

Additional gill-slits arise behind the one already mentioned. They all make 
their appearance near the middle ventral line, and gradually shift over to the 
right side. At first they correspond with the myomeres, so that the segmenta- 
tion of the pharynx is part of the general metamerism of the body. Altogether, 
fourteen clefts are produced in a single longitudinal series. Above, ».e. dorsal 
to them, a second longitudinal series makes its appearance, containing ei^t 
clefts, so that at this stage there, are two parallel rows of gill-slits on the right 
side of the body, and none on the left. But as growth proceeds, the first or 
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ventral series gradually travels over to the left side, producing a symmetrical 
arrangement, and at the same time the first slit and the last five of the first or 
definitely left series close up and disappear. Thus the numbers are equalised 
on the two sides. At first each gill-slit is simple, but before long a fold grows 
down from its dorsal edge, and, extending ventrally, divides the single aperture 
into two. This fold is the secondary or tongue-lamella. The original bars of 
tissue between the undivided slits become the primary lamellae. 

While the development of the gill-slits is proceeding, the atrium is in course 
of formation. Paired longitudinal ridges, the metaplenred folds (Fig. 55, If., rf.. 



Fig. 56. — Amphioxus: 0eyelopili0nt« Diagrammatic transverse sections three larva* to 
show the development of the atrium, ao. aorta ; rf. intestine ; /. fascia (layer of connective-tissue on 
inner surface of myomere): fh. cavity for dorsal fin-ray; m. myomere: «. nerve cord; p. atrium; 
5/. metapleural fold; sfh, metapleural lymph-space; si. sub-intestinal vein; sk. sheath of 
notochord and nerve-cord; si. sub-atrial ridge; sp. coelom. (From Korscbelt and Heidcr» after 
Lankester and Willey.) 


Fig. 56, s/.), appear on the ventral side of the body, behind the gill-slits, and 
gradually extend forwards, dorsal to them. Their arrangement is very 
asymmetrical in correspondence with that of the clefts themselves. On the 
inner face of each fold, i.e. the face w’hich looks towards its fellow of the opposite 
side, a longitudinal, siibatrial ridge (Fig. 56, A, si.) apjxjars. The two sub- 
atrial ridges meet and coalesce. A canal (B, p.) is formed immediately below 
the ventral body- wall. This canal is the commencement of the atrium. It 
is at first quite narrow, but gradually it extends upwards on each side (C, p-) 
until it attains its full dimensions. It is at first open, both in front and behind. 
The posterior opening remains as the atriopore, but the anterior opening be- 
comes gradually shifted forwards as the fusion of the subatrial ridges procecd.s 
(Fig. 56, B and C). Finally it is completely cicsed. In this way the gill-slili* 



PHYLUM CHORDATA 67 

come to open, not directly on the exterior, but into a cavity formed by the 
union of paired ridges of the body-wall, and therefore lined by ectoderm. 

The mouth gradually passes to the ventral surface, and undergoes a relative 
diminution in size. A fold of integument develops round it and forms the oral 
hood, which is probably a stomodseum. The endostyle appears on the right of 
the pharynx (Fig. 54, /.), and is at first rod-shaped, then V-shaped. Ulti- 
mately the limbs of the V unite in the middle ventral line. The gill-slits 
increase in number and become more and more vertically elongated. The 
provisional caudal fin disappears. The gonads arise from the outer and ventral 
regions of the protovertebrae in the form of pouches, which gradually assume 
the permanent form previously described. 

Affinities. — ^The Lancelet has had a chequered zoological history. Pallas, 
the eighteenth-century naturalist who first studied it, considered it to be a slug, 
and placed it among the Gastropoda.^ When its chordate character became 
eyident it was for a long time placed among the fishes as the type of a distinct 
order. On further study it became obvious that ai^ animal without skull, 
true brain, heart, auditory organs, paired eyes, or kidneys, and with a pharynx 
surrounded by an atrium, must be widely separated from the lowliest fish. 

, There was still, however, no suspicion of any connection between Amphioxus 
and the Tunicata until the development of both was worked out and it was 
shown that in several fundamental points (e.g., the formation of the nervous 
system and the notochord) there was a close resemblance. The likeness is 
further emphasised by the presence of an endostyle, am epipharjmgead groove 
(dorsad laumina), and peripharyngeal bands, which are used in an essentiadly 
similar method of endopharyngeal filter-feeding in both forms. Such a 
feeding mechamism is not found in amy other animads except Enteropneusta, 
the aunmocoete lauva of cyclostomes (p. 196), and the larvae of some amphibiams. 
The mechamism occurs so widely in protochordates that it is generally 
thought to be the primitive mode of feeding in the phylum Chordata. 
Those chief exponents of the method, the aiscidiams, were once said to be 
obviously degenerate, but are now regarded by some zoologists as essentiadly 
primitive in habit, and ais having evolved the tadpole larva ais a dispersal phaise 
in the life-history. Paedomorphosis (which probably gave rise to the Laurvacea, 
as we have seen) could then have produced the stock from which higher 
chordates arose. ^ The most plausible suggestion yet made to account for the 

‘ Berrill holds that vertebrates may have evolved from a neotenous ascidian tadpole that 
matured as a free-swimming organism exploiting the rich pastures of shallow continental seas. 
(Thaliacians and appendicularians are the direct but modified survivors; the relationship of the 
Adelochorda (p. 5) remains obscure.) The hypothetical vertebrate ancestm elaborated its sensory 
and motor equipment and ascended coastal rivers, Amphioxus (p. 47) being a degenerate Uttoral 
relic of an intmmediate phase of evolution. Within the river systems there arose a relatively 
simple unarmoured ostracoderm (p. 171), the vertebrate prototype. 

Berrill discusses in detail questions of lower chordate telationdtips. and a brief introductory 
chapter summarises speculations from the time of St. Hilaire { 1818) until the |»esent day (see 
also p. 213). 
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changes in position of the gill-slits, and other organs, which occur during the 
development of Amphioxus is that these are relics of the changes that might 
have occurred, during metamorphosis, in a hypothetical ascidian ancestor. 

Alternatively (and much less probably), Amphioxus may be a specialised and 
degenerate descendant of the Agnatha (jawless vertebrate haghshes, lampreys, 
and their allies, p. 176). According to this view, the acquired specialisations 
are the multiplication of the gill-shts and myomeres, the asymmetry, and the 
complicated larval history. The supposed losses by degeneration include the 
simplification of the brain, the absence of eyes, otic capsules, exoskeleton, and 
generati\ e ducts. Such losses are perhaps not impossible, but the presence of 
true nephridia with flame-cells (structures otherwise unknown in the Chondata) 
lends no support to the above hypothesis. \ 

The evidence as to the real position of the Acrania is still insufiicientii but 
investigations have tended to bring them nearer to the Craniates than has often 
been suspected. It is probable that Amphioxus and its allies resemble in many 
fundamental respects the fish-like creatures that existed in Silurian seas, and it 
is possible that the modem fishes of today evolved from animals of much the 
same kind. 



GENERAL INTRODUCTION TO CRANIATE 
(VERTEBRATE) FORMS 


T he Craniata includes the agnathans, fishes, amphibians, reptiles, birds, 
and mammals, or, in other words, vertebrate animals with a skull, a 
highly complex brain, a muscular heart of three or four chambers, and, 
almost always (see p, 343), red blood-corpuscles. 

The Craniata may be defined as Euchorda in which the notochord is not 
continued to the end of the snout, but stops short beneath the fore-brain, some 
distance from its anterior end. A skull is always present, and there are usually 
paired limbs. The pharynx is of moderate dimensions, and is perforated by 
not more than seven pairs of gill-slits except in some cyclostomes (p. 175). 
The gill-pouches do not open into an atrium. The liver is massive, and not 
obviously tubular. The renal tubules unite to form large paired kidneys and 
open into ducts which discharge into or near the posterior end of the intestine. 
The brain is complex, and there are at least ten pairs of cranial nerves. 
Except in cyclostomes the spinal nerves are formed by the union of dorsal and 
ventral roots. Paired eyes of great complexity, derived in part from the brain, 
are present. There is a pair of auditory organs. There is typically a single 
pair of gonads. The reproductive products are usually discharged by ducts 
derived from the renal system. There is never a typical invaginate gastrula, 
and the mesoderm arises in the form of paired longitudinal bands which sub- 
sequently become segmented. The coelom is nearly always developed as a 
schizocoele. 

In spite of the obvious and striking diversity of organisation among Craniata 
—between, for instance, a lamprey, a pigeon, and Man — there is a fundamental 
unity running through the whole group, both in the general arrangement of the 
various systems of oigans and the structure of the oigans themselves. The 
range of variation in the whde of the classes included in the division is, in fact, 
considerably less than in many single classes of invertebrates— for instance, 
Hydrozoa or Crustacea. Hence it is convenient to begin with a preliminary 
account of the Craniata as a whole. In this way needless repetition will be 
avoided. 

voi. It. ^ 
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An abbreviated classification of the group is as follows: 

SUB-PHYLUM CRAHIATA (VERTEBRATA) 

Super-class Agnatha 
Classes Euphanerida (Silurian) 

Heterostraci (Pteraspida) (Ordovician-Devonian) 

Anaspida (Silurian-De%'onian) 

Osteostraci (Cephalaspida) (Silurian-Devonian) 

Petromyzontia (? — Recent) 

Myxinoidea (? — Recent) 

Super-class Gnathostomata 
Classes Placodermi (Silurian-Permian) 

Elasmobranchii (Devonian-Recent) 

Osteichthyes (Devonian-Recent) 

Amphibia (Devonian-Recent) 

Reptiiia (Carboniferous-Recent) 

Aves (Jurassic- Recent) 

Mammalia (Triassic-Recent) 

CRANIATE TISSUES 

The numerous cell-types containing the living, self-perpetuating protoplasm 
(nucleus and cytoplasm) of the vertebrate body are aggregated in different 
arrangements to form materials of the following principal kinds: 

Epithelial tissue. — Simple (single-layered) epithclia : columnar (ciliated and 
non-ciliatcd), cuboidal, squamous (pavement). Pseudostratified : colum- 
nar (ciliated and non-ciliated). C ompotind (stratified) epithclia : stratified 
columnar, stratified cuboidal, stratified .sijuamous, stratified transitional. 

Connective tissue.’ — Fibrous and cellular material embedded in an amor- 
phous ground substance. It consists of yellow elastic fibres, w’hite 
collagenous fibres, reticular fibres; and mainly fibroblasts, histiocytes, 
fat cells, and mast cells {mastzcllcn). It can be roughly suMivided into: 
Loose connective tissue or areolar tissue (as in subrcutaneous layers of the 
integument); dense connective tissue (as in the sheaths surrounding 
muscles and nerves). 

Adipose tissue. — Usually considered as a separate tissue, but it is merely 
connective tissue in whith enough cells develop sufficient fat and are 
aggregated together to form ap apparently definite tissue. 

Blood. — This consists of plasma, a watery fluid containing small amounts of 
various salts, protein, lipid, and glucose. In this medium lie erythrocytes 
(red blood cells or corpuscles) ; leucocytes (white blood cells) including 

* In nai^ histolwy textbooks the term eotiueelivt tissue embrace* adipose titsae, bhxd, 
cartilage, and bone. In usage one generally employ* the term in the manner ndented to above. 
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pol5^orphs (mainly neutrophils, also eosinophils and basophils), mono- 
cytes and lymphocytes ; thrombocytes (nucleated spindle cells) typically in 
sub-mammalian groups, or blood platelets, typically in mammals. 

Lymph. — The fluid in the lymphatics. Essentially similar to plasma but 
with greatly reduced protein content and containing lymphocytes. 

Cartilage. — Hyaline. Fibrous-. Elastic. 

Bone.^ 

Muscle.— S/na/cd (skeletal, striped, somatic, or voluntary). Smooth 
(visceral, plain, unstriped, or involuntary). Cardiac (heart). 

Neural tissue. 

The various individual organs and systems are composed, in varying 
complexity, of the above classes of material which seem to originate as follows : 

Ectodermal Derivatives.— Epithelium of the skin (epidermis) and its append- 
ages, such as the hair, nails, feathers, sebaceous, sweat, and mammary and 
other glands. Epithelium of the buccal and anal areas, including the various 
salivary glands and epithelial derivatives such as the enamel of the teeth. 
; Epithelium of the lower part of the urethra. Epithelium of the nasal passages 
land associated glands. Epithelium of the glands and canals and that of the 
Fconjunctiva, crystalline lens, retina, and some of the intrinsic muscles of the eye. 
^Epithelium lining the external auditory meatus, the membranous lab5Tinth, 
the spinal canal, the aqueduct, and the IVth, Illrd, and lateral ventricles of the 
brain, as well as nerve-cells and ner\’e-fibres. The pituitary and pineal glands. 

In addition, the derivatives of the neural crest are ectodermal in origin. 
sThey include most of the branchial arch cartilages and parts of the trabeculae 
[cranii (at least in Amphibia) ; the ganglia of the spinal, and some of the 
Icranial, nerves ; parts of the autonomic nervous s5Fstem ; probably the pia 
|and arachnoid, and possibly the Schwann cells ; probably the adrenal medulla 
|and other chromaffin tissues ; parts of some of the teeth ; and the pigment cells. 

Mesodermal Derivatives. — Dermis and most of the skeleton (except tra- 
beculae of the chondrocranium jaws and gill arches). Dentine. All the 
connective tissues, including blood. The spleen, lymph tissue, and peritoneum. 
The adrenal cortex and the endothelial lining of the heart and blood-vessels. 
Epithelium of the uriniferous tubules, ureters, tests (and ducts). Epithelium 
of the ovary and Graafian follicles. Epithelium of the oviducts, uterus, and 
the upper part of the vagina. Muscular tissues. 

Bng qgf ffiiiai Derivatives. — Epithelium of the alimentary canal from pharynx 
;to, and including, the rectum as well as that of all the glands opening into it, 
Wluding liver and pancreas. Epithelium of the Eustachian tube and t3nnpanic 

^ * Stensio and 0rvig have suggested that there is no clear distinction between bone and dentine 

in the earliest vertebrates and that the primitive exoskeletal dement is not the placoid scale but 
the lepidomorivm. This consists of a bony core, the apical part of which is modified to dentine 
>and surrounded by enamel. The whde structure arises around a single looped Idood vessel. 
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cavity and that of the larynx, trachea, bronchi, and alveoli. Thyroid and para- 
thyroid glands and the embryonic rudiment of the thymus. Epithelium of the 
urinary bladder, female urethra as well as that of the upper parts of the male 
urethra and associated glands. 

The germ-layer theory, involving many of the above facts, was put forward 
by von Baer in 1828. It states that : (i) in normal embryos the materials 
from which the organs develop are arranged in three layers — ectoderm, meso- 
derm, and endoderm ; and (2) in different animals homologous structures arise 
from corresponding layers. 

But, as de Beer has pointed out, the second part of the theory cannot | 
nowadays be maintained. For example, the anterior thymus may form from 
ectoderm and endoderm {Salmo and the marsupial Trichosurus), from endoderm 
alone (Oryctolagns and Homo), or from ectoderm alone (Sus and the mole, T cdpa). 
Numerous comparable examples have caused the germ-layer theory to fall into 
disrepute among modem embryologists. Some structures, formerly thought 
to be of mesodermal origin, are now known to be derived from the neural crest. 
The existence of the germ layers, however, cannot be denied (even though 
their structure may vary somewhat in different groups) and this makes it 
difficult to abandon the concept entirely. Perhaps for the time being there 
is little harm in this, provided that it is remembered clearly that the derivatives 
of the germ layers are not necessarily homologous in different animals. 


THE CRANIATE BODY 

The internal tissues of vertebrates are covered and protected by an integu- 
ment (p. 82) which varies remarkably in stmcture and function from one group 
to another. The underlying tissues are moulded around, and mechanically 
supported by, an endoskeletal framework of cartilage, bone, or both. These 
support the more pliable soft tissues, and sometimes form protective compart- 
ments such as the cranium, vertebral canal, and thorax. They develop special 
surfaces, including depressions and projections, for the attachment of muscles, 
tendons, and ligaments. Many serve also as mobile, articulated levers which 
allow the free movement of various parts of the body and of the animal as a 
whole. Although bone, which is peculiar to vertebrates, is found at an early 
stage in the evolution of the Agnatha (p. 166), it is convenient first to deal w'ith 
cartilage. 

Cartilage is resilient, flexible, but to some degree rigid. It is developed from 
embryonic mesenchyme and composed of cartilage cells {chondrocytes) enclosed 
within small spaces (lacunae) and embedded in a matrix composed of connective 
tissue fibres and amorphous ground substance. The amount and type of its 
constituent fibres determine whether a cartilage is hyaline, elastic, or fibrous. 
The last-named is predominantly composed of collagenous fibres and is ex- 
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tremely tough. It is found in joints and in parts of tendons (sinews) that 
undergo friction against, or are inserted on, bone. Elastic cartilage is per- 
meated with yellow elastic fibres, and occurs in areas of great flexibility («.g. 
epiglottis and mammalian pinna). Hyaline cartilage consists of amorphous 
ground-substance laced with numerous collagenous fibres. This type of 
cartilage is the most widespread form and may persist over the embryonic 
period, or be replaced by bone p. 95). Except over articular surfaces, 
cartilage is covered by a dense connective tissue sheath or perichondrium. 
The amorphous substance of cartilage is compression-resistant ; the internal 
collagenous fibres resist tension. Blood vessels penetrate the substance of the 
larger cartilages by means of cartilage canals, but, in general, chondrocytes are 
nourished by simple diffusion. 

A cartilaginous structure has a consistency not unlike that of very firm 
jelly. A jelly, if unsupported, would collapse under a weight, yet 'may resist 
it successfully if wrapped in a piece of sacking whose fibres take up the upward 
thrust due to the downward pressure of the weight. . . . The jelly-like, firm, 
matrix [of cartilage] with contained cells resists compression, but the resist- 
ance offered is strengthened by the collagen fibres of the perichondrium and 
the matrix' (Murray). Cartilage can grow at any point within its bulk. It 
is sufficiently strong, as we shall see, to support in water the bulk of a shark 
between 40 and 50 feet in length. In cartilaginous animals there is sometimes 
an impregnation of cartilage with mineral salts (p. 231), but this must not be 
confused with true bone. There is some evidence that the calcium deposited 
in this way interferes with the diffusion of nutrient material to, and gases from, 
the chondrocytes. If mineralisation proceeds too far the chondrocytes tend 
to die. Bone formation, as we will see below, is brought about by the calcifica- 
tion of an intercellular substance without interfering with the nutrition of the 
parent tissue. 

Bone is a complicated, living tissue made up of cells and collagenous fibres in 
an amorphous ground-substance impregnated with tricalcium phosphate and 
other salts. The term 'bone matrix’ is usually employed to refer to the whole 
of the non -cellular constituents. The matrix is made up of numerous concentric 
rings of thin lamellae through which run numerous anastomosing Haversian 
canals admitting arterioles, venules, and nerve-fibres. Interstitial lamina 
occupy the spaces between each such Haversian system. Within this inter- 
stitial material are minute spaces (lacunae). Radiating canaliculi link the 
lacunae with others and ultimately with a Haversian canal, although the 
canaliculi of one 'system ’ do not apparently connect with another. An osteocyte 

bone-cell occupies each lacuna. These are thought to be derived from 
osteoblasts^ which, in the growing animal, are probably responsible for the 
deposition of the inorganic components of bone. The bone is surrounded by 
another specialised connective tissue, the periosteum, the inner part being a 
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vascular osteogenic layer containing undifferentiated, potential osteoblasts. 
The periosteum, too, is pierced by blood vessels, as is also the medullary or 
marrow cavity, with its hamatopcetic (blood-forming) tissue. 

Bone-growth occurs partly by means of sub-periostial deposition of osseus 
material (membrane bone) and partly by endochondrial ossification. Re- 
modelling by resorption and by new bone formation subsequently takes place. 
At the same time, ossification extends towards the still cartilaginous ends of the 
bone, and, at the extremities themselves, secondary centres of ossification may 
arise. This results in the formation of bony epiphyses, which, however, remain 
separated from the shaft by thin, plate-like epiphysial cartilage. In fishes, 
crocodilians, and chelonians the epiphysial region remains cartilaginous. \ 

All viscera and other tissues are associated in greater or less degree wilfh 
connective tissue (Fig. 8o, p. Ii6). This acts as a secondary support in either 
simple or specialised form. Connective tissue surrounds vessels as perivascular 
sheaths', nerve tissue as perineural sheaths', and many glands as thickened 
fibrous capsules. Around muscles it forms epimysicd sheaths. It forms also 
intermuscular septa. Individual muscle fasciculi, forming the substance of 
the muscle, are held together by delicate connective tissue sheaths or peri- 
mysia. Bursa (small, fluid-containing, friction-reducing, and otherwise 
protective sacs where tendons are in contact with each other, or with bones) 
are formed of connective tissue lined with mesothelium. The tendons them- 
selves (the function of which is to exert a concentrated pull at the musculo- 
tendinous junction, see below') are composed almost exclusively of white 
collagenous fibres. Such cords are formed of flexible and relatively non-elastic 
tissue and are of great tensile strength and transmit the muscle-pull to the 
structure on which the tendon is inserted. Fascia — both superficial and deep 
— ^is connective tissue differentiated into sheets which in the case of superficial 
fascia sometimes constitute a fat-containing panniculus adiposus (e.g. Cetacea, 
Man). Superficial fascia, immediately below the connective tissue of the dermis 
(p. ii6), may carry sufficient adipose tissue to modify surface contours, and is 
of aesthetic and sexual selection significance in Man. Deep fasciae lie in inti- 
mate protective, and sometimes tensile, association with- muscles, bones, and 
other structures, and may merge with the periosteum of bone in surface areas. 
Connective tissue forms also perichondrium, the sheath of hyaline cartilage 
(p. 72), as well as cord-like ligaments which run from bone to bone, particularly 
in the neighbourhood of movable joints. It forms also aponeuroses (if sheet- 
like) as well as mesenteries and meninges. 

In certain specialised situations ossifications {sesamoid bones) appear in 
tendons (e.g. patella in certain mammals, os falciforme in moles (p. 731)). Such 
structures are different from heterotopic bone arising adventitiously in 
fibrous {e.g. scar) tissue. Different too are the visceral bones (p. 94) : (i) the 
os cordis in ungulates which persists in Man as a dense fibrous mass between the 
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itrioventricular and aortic apertures, (2) os palpebra in the eyelid of Crocodilia, 
ind (3) the os penis (os priapi, bacidum) which arises as a rod- or plate-like bone 
of very variable form) in the fibrous septum dividing the corpora cavernosa of 
a few insectivores ' (Kingsley) and most, if not all, rodents, bats, carnivores, 
ind Primates (excluding Man). This bone can be massive: in the Walrus it 
reaches a length of 23 inches and a weight of more than i lb. 12 oz. 

Within the supporting framework of bone, cartilage, and connective tissue 
lie the muscles, all of which possess in high degree the property of contracti- 
lity. These are of three kinds: (i) skeletal or somatic (striated), (2) visceral 
[unstriated, plain, or smooth), and (3) cardiac (heart), which exists in an obviously 
53mcytial arrangement and exhibits certain resemblances to the other two. 
rhe two first-named are often spoken respectively of as ‘voluntary' and ‘in- 
TOluntary’ muscles. In general, such terms are not inappropriate, but it 
>hould be remembered that (for example) although the ciliary muscles control- 
ing the curvature of the mammalian eye-lens are unstriped or 'plain', the eye 
:an be nevertheless focused at will. 

Skeletal or striped muscle consists of numerous individual, elongated, 
fibres which are supplied by rich vascular plexuses. Each fibre is enclosed by a 
$heath or sarcolemma and consists of a finely granular: cytoplasm (sarcoplasm) 
::ontaining many peripherally situated nuclei. Embedded in the sarcoplasm 
ire numerous fine fibrils (myofibrils) arranged longitudinally. Each myofibril 
bears a regular series of transverse light and dark striations. These are 
responsible for the characteristic striped appearance of each fibre. Fibres may 
be red, white, or transitional, and both red and white fibres often occur in the 
same muscle, especially in the Mammalia. The dark colour is due to the 
relative abundance of myoglobin, or muscle haemoglobin, which is related to 
blood haemoglobin, from which it receives the oxygen used in muscle meta- 
bolism. 

Functionadly, striated muscle must be considered in relation to the nervous 
and skeletal systems. Nerves activate muscles, amd these then act upon 
cartilage, bones, tendons, fascia, ligaments, skin, and other structures. The 
origin auid insertion of a muscle are respectively its relatively fixed and mobile 
points of attachment. For example, in the gastrocnemius muscle of the leg the 
proximal end is attached at its origin to the femur and the distal end at its 
insertion on the foot. A muscle originates at its head, the main mass of its 
fleshy fibres is the belly, and it inserts at its tail (but nowadays the last term is 
seldom used). Muscles may insert by either fleshy or fibrous portions. 

The arrangement of the constituent fibres of relativdy simple musdes is 
parallel to the direction of pull. Pennate muscles, on the other hand, have 
the fibres arranged obliquely in relation to the attachment. In umpennate 
muscles the fleshy fibres approadi the insertion from one directicm ; in bipennate 
elements there is a dual convergence ; and in muUipennate there is a multiple 
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convergence. Muscles may be named according to shape (e.g. deltoideus, 
trapezius), structure (triceps, digastricus), situation (pectoralis, brachialis), 
attachments (coracohiitneralis, sternocoracoideus) , action (flexor tarsi, abductor), 
and other characteristics. 

The es.sential function of striped or voluntary muscles is to approximate two 
points, e.g. moving manus to mouth by flexing the forearm. Flexion bends ; 
it reduces the angle between two parts. Extension widens the angle, sometimes 
rearranging limbs to the straight position. Protraction and retraction draw 
bones forward and backward respectively. In relation to some structures 
such terms can be S5monymous with flexion and extension. Adduction and 
abduction are the respective movements of a structure tbward or away from an 
axis (e.g. the midline of an animal). Elevators raise, and depressors lower a 
part (such as the lower jaw). Pronation turns the palm downward (hy rotation 
of the radius in relation to the ulna), w'hilst supination arranges the palm in the 
reverse position. 

Muscular activity is carried out by the contraction of individual fibres on an 
'all-or-none' principle. A group of fibres innervated by a single nerve-fibre 
is called a motor-unit, and gradation of the contraction depends on varying 
the number of motor-units in action. No entire muscle acts alone. Along 
with the prime-mover, synergists and antagonists operate in ancillary capacities 
in carrying out what may be apparently the most simple skeletal re-arrange- 
ment. Tlie contraction — and even the tone — of muscle is maintained by motor 
nerves, individual fibres of which terminate as motor end-plates applied to 
individual muscle fibres (Fig. 84). In all animals, and in homiothermal 
forms particularly, muscle activity produces heat, which may be conserved 
by special devices (pp. 559, 781, 883). In some mammals reflex shivering 
contractions, resulting in compensatory heat production, occur when the body 
temperature falls below an optimum degree. 

Visceral, smooth, or plain muscles lack the characteristic striae of skele- 
tal fibres. They are controlled by the autonomic nervous system (p. 119). 
Vertebrate animals (or their eggs) are thrust into the w'orld by such muscles, 
and thenceforward the circulation of the blood (with its contained food sub- 
stances and oxygen), the digestion of food, the secretion by glands, the elimina- 
tion of metabolites, and the maintenance of many other vitaHunctions depend 
on its routine, involuntar5' activity. Thus, for example, plain or smooth 
muscle is found in the walls of the gut, lungs, blood vessels, bladder, genitalia, 
and various glands.' In these it is, among numerous other functions, con- 
cerned with peristalsis and retroperistalsis, changes in the vascular tone and 
the control of blood pressure, with the control of air passages (bronchi), ex- 
cretory rates, thermoregulation (in birds and mammals), and with the discharg<' 
of sexual products and so on. Visceral fibres are uninucleate, spindle-shaped 
bodies which lack a sarcolemma and lie in intimate association in sheets, the 
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individual fibres perhaps bound together by delicate reticular tissue. Al- 
though the activity of visceral muscles is essentially controlled by innervation 
from the autonomic nervous system, local nerve plexuses occur, and there is 
abundant experimental evidence of an intrinsic nervous mechanism in certain 
areas {e.g. gut). 

Cardiac muscle is confined to the heart, but in some forms it extends into 
the roots of the great vessels (e.g. in the conus arteriosus of the dogfish, p. 240). 
It is essentially similar to skeletal or striated muscle in structure, except that 
the sarcolcmma is much thinner ; the nuclei are central in position ; and the 
fibres branch and possess conspicuous intercalated discs inteqiosed among the 
other fine transverse striations. The branched fibres lack obvious bound- 
aries and were previously regarded as syncitial. Although the heart-beat is 
myogenic in origin (p. 109), its frequency is under autonomic control (p. 119). 
Sympathetic nerves innervate the branched fibres ; para-sympathetic (vagal) 
terminations are restricted (in the higher mammals) to the atria and the atrio- 
ventricular bundle (p. 882). All living tissues are connected with the rhjTh- 
mically pumping heart by means of a closed system of supplying arteries and 
arterioles, and of draining venules and veins. Between arterial and venous 
elements are capillary beds and tissue spaces (Fig. 80). Only in the spleen, 
liver, bone-marrow and some endocrine glands does the blood come into 
closer contact with the general tissues. 

Arteries get progressively narrower, and are required to withstand less 
blood pressure, the further they go from the heart. As they progressively 
bifurcate, their total cross-section is increased, and there is a corresponding 
reduction in circulation rate. The elastin and collagen content of arteries 
varies greatly with situation and diameter. In cross-section, an artery is 
lined by an endothelium, which is sheathed by a lamina elasiica, in turn sur- 
rounded by a tough fibrous tunica media (of elastin, collagen, and muscular 
fibres), and by an outermost tunica externa (principally of collagen material). 
By the time arteries narrow to a diameter of about 0-1-2 mm. the tunica media 
is almost solely muscular, and they are now arterioles, innervated by the 
autonomic system. Their tone can be altered, thus regulating the blood supply 
to skin and viscera. Arterioles empty into even narrower, thin-walled capil- 
laries, each perhaps composed of a fragile perivascular layer of connective tissue 
and an endothelial lining. In lower craniates these, too, are contractile. In 
all groups these link up to form a capillary network, the richness of which varies 
according to the nutritive and concomitant requirements of their situation. 

Between the capillaries and the other tissues lie tissue spaces containing 
tissue fluid. Across these must pass gaseous, nutritional, excretory, and other 
materials. The capillary walls are highly permeable to all but the largest mole- 
cules, i.e. proteins. These are retained in the capillary, and exert an osmotic 
pressure into the capillary, whereas movement outward from the capillary is 
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determined by the excess hydrostatic pressure over the osmotic pressure at its 
arteriolar end. At the venule end, hydrostatic pressure is less than osmotic 
pressure, and so water and its solutes (e.g. metabolites) move back in again. 
Some fluid passes into lymph capillaries {lymphatics) as lymph which contains 
some protein, and much the same inorganic components as blood. It contains 
also lymphocytes, but lacks red cells and blood platelets, which cannot penetrate 
the blood capillary walls. By means of lymph hearts or valves (according to 
the type of animal), the fluid is at length forced back into the general circulation, 
the disposition of the conducting vessels and their entry into the venous system 
varying from group to group. 

Meanwhile, altered capillary blood flows into venules, the walls of which are 
strengthened by a definitive sheath of connective tissue. Venules in turn unite 
to form veins. These are lined with endothelium, but, although veins h\ive 
basically the same structure as arteries, the remaining layers are often difficult 
to distinguish. There is a great diminution of both elastic and muscular tissue. 
In higher craniates, venous return in many veins is facilitated by the presence of 
valves that prevent back-flow. Blood can be forced forward against gravity, 
and pooling avoided, by the movement of adjacent skeletal muscles and other 
means, including, in animals with closed thoracic respiration, the negative 
intra-thoracic pressures. 

Arteries and veins usually run in close proximity to each other, and m 
certain situations a small artery or an arteriole, by means of a special neuro- 
muscular mechanism, delivers blood directly into a neighbouring venule, thus 
short-circuiting the capillary network and forming an arterio-venous anastomosis. 
Such anastomoses appear to be best developed in situations where metabolic 
activity is intermittent (e.g. gut), or where a relatively unimpeded circulation 
will better subserve thermoregulation (e.g. skin, membranous wings, etc.) in 
homiothermous animals (p. 883). 

In the lower craniates in particular (and in higher groups as well) wide 
blood sinuses, sheathed only in endothelium, occur at definite points. These 
may replace capillaries and allow of a uniquely intimate relationship between 
blood and tissue, and the performance of special functions in liver, spleen, bone 
marrow, and adrenal glands. In certain lower craniates (see p. 243) sinusoidal 
dilations occur in the great veins and are part of a specialised mechanism of 
venous return. 

We have seen that the above fundamental tissues, and (as is obvious) the 
various living components of structures such as skin, teeth, receptor organs, 
and the numerous viscera, must all possess a nerve supply. A brief outline of 
the nervous system is given on pp. 116-135). 

External eharaeters. — ^The body (Fig. 57) is bilaterally symmetrical, elon- 
gated in an antero-posterior direction, and usually more or less cylindrical. 
It is divisible into three regions : (i) the head, which contains the brain, the 



pn.je 


PHYLUM CHORDATA 


79 




«o 


ZOOLOGY 


chief sensory organs, and the mouth and phar5mx ; {2) the trunk, to which 
the ca'Ioni is confined, and which contains the principal digestive, circulatory, 
excretory, and rej)roductive organs; and (3) the tail, or region situated 
posteriorly to the coelom and anus. Viscera do not extend into the tail. At 
tht; .same time, it should be remembered that functionally the expression may 
refer in fishes and fish-like animals to prc-anal parts that nevertheless undergo 
lateral undulations (p. 86). Between the head and trunk there is frequently 
a narrow neck, into which the coelom does not extend. In aquatic vertebrates 
the tail is normally of great size, not marked off externally from the trunk. 
In mammals it is usually greatly reduced in diameter, and has the appearance 
of a mere unpaired posterior appendage. 

The month (mth.) is generally a transverse aperture placed at o^ near the 
anterior end of the head. Near it, either dorsal or ventral in ]x>sitiop, are the 
{)aired nostrils or anterior nares (na.). In various widely unrelated fishes and 
fish-like \ertebrates there have arisen internal nares by which the paired 
olfactory organs communicate with the buccal cavity (see also Fig. 89, p. 138). 
A peculiar arrangement exists in myxinoids. An unpaired terminal nostril 
leads into a duct that opens into the pharynx. Through this passes the 
rcsjiiratory current (p. 199). This water enters the nostril, crosses the olfactory 
epithelium, and traverses the pharynx and finallj’ the gills. This specialisation is 
of course not homologous with the paired structures that have occasionally 
arisen among (eleosts of burrowing habit {e.g. stargazer, Astroscopus, and certain 
echolid and ophichthid eels), nor are any of the above arrangements phylogeneti- 
ccdly related to the internal nares of lung-fishes (p. 361). Although the internal 
nares of the Dipnoi (secondarily lost in the Coelacanthini, p. 356) are of course 
homologous with those subserving respiration in the Amphibia (p. 412), and 
in tetrapods generally, there is no good evidence that they were utilised in 
breathing bj'' ancestral crossopterygians. Certainly modern lung-fishes appt^ar 
to respire essentially by gulping in air through the buccal cavity (p. 365). 
While estivating t(X), Protopterus breathes through the mouth. It is nol 
improbable that internal nares served initially as adjuncts to the olfactory 
organs, making for a more rapid and efficient testing of the environment than 
do the blind respiratory sacs characteristic of fishes in general. Other air- 
breathing fishes (e.g. Periophthalmus, Clarias, p. 338, Polypterus, p. 290) do not 
jwssess internal nares. 

The eyes {e) are j>aired and vary greatly in structure and efficiency. On th« 
dorsal surface of the head there is sometimes more or less indication of a vesti 
gial median eye or pineal organ (pn. e.) (see pp. i8g, 345). Posterior to th' 
paired eyes are the auditory organs {au.), the position of which is indicated ii 
the higher forms by an auditory aperture. 

On the sides of the head, behind the mouth, are a series of openings, th 
gill-slits or external branchial apertures {e. br. a. 1-7). They are rarely mor 
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than seven in number, and in air-breathing forms disappear more or less 
completely in the adult. In the higher fishes a fold, the operculum (Fig. 205, 
op\ p. 3<^4)> articulates with the hyoid arch immediately in front of the first 
gill-slit and extends backwards, covering the branchial apertures. In the 
larvae of urodeles there occurs a somewhat similar opercular flap. In frogs the 
structure covers the external gills and gill-slits, and even the site of the fore- 
limbs. In the placoderms (p. 205) the operculum is supported by the 
mandibular arch. 

On the ventral surface at the junction of the trunk and tail is the anus 
(an.). Distinct urinary and genital apertures, or a single urinogenital aperture, 
are sometimes found either in front of or behind the anus. More commonly 
the urinary and genital ducts open into the termination of the alimentary canal, 
or cloaca, so that there is only a single egestive opening, known as the doacal 
aperture. On either side of this there may be a small abdominal pore (ab. p.) 
(of doubtful function) communicating with the coelom. 

In fishes and some amphibians (p. 380) the trunk and tail are produced in the 
middle dorsal line into a vertical fold or median fin, which is continued round 
the end of the tail and forwards in the middle line to the anus. This continuous 
fin frecjuently becomes broken uj) into distinct dorsal (d. f. 1 and 2), ventral 
(v. /.), and caudal (cd. /.) fins, which may assume very various forms. In the 
higher classes all trace of median fins disajjpears (cf., however, analogous 
► structures in Ichthyosaurus (p. 4<)i) and the Cetacea (p. 780)). 

Fishes also po.ssess paired fins. Immediately posterior to the last gill- 
slit is a more or less horixotital outgrowth, the pectoral fin (pet. /.), while a 
similar but smaller structure, the pelvic fin (pv. /.), arises at the side of the 
anus. 

In all Craniata above the fishes, i.e. from the Amphibia upwards, the paired 
fins are replaced by fore- and hind-limbs (/. 1., h. 1.), each consisting of three 
divisions — upper-arm (brachium), fore-arm (antebrachium), and hand (mantis) 
in the one case ; thigh and shank (leg), and foot (pcs) in the other. Both hand 
and foot normally terminate in fi\ e fingers or digits. The pentadactyle limb thus 
formed is an obvious adaj^tation to land-life and is characteristic of tetrapods. 
The paired fins, or limbs (as the case may be), are almost the only lateral 
appendages possessed by vertebrates, if we except the barbels possessed by 
certain fishes (p. 338) and ‘ balancers ’ of urodele larvae. 

Body-wall and Internal Cavitira. — The body is covered externally by 
a skin consisting of two principal layers, an outer and stratified epithelial layer, 
the epidermis (Fig. 58), derived from the ectoderm of the embryo, and an inner 
or connective-tissue layer, the dermis or corium of mesodermal origin (p. 71). 
in terrestriad vertebrates (p. 385) the superficial layers (stratum corneum) are 
dead, flattened, and keratinised (horny). The outermost cells are constantly 
abraded and replaced from below. In fishes (Fig. 58) a keratinised layer 



82 


ZOOLOGY 


probably never occurs. New cells for the replenishment of the outer layers are 
produced by division of cells in the Malpighian layer {stratum Malpighii), which 
lies at the base of the epidermis. In the Agnatha (p. 164) and the true fishes 
the connective tissue-fibres of the dermis almost all run parallel to the surface, 
and do not form a felt-like mass of fibres running in all directions, as in 
mammals. 

Although the epidermis of fish is usually many layered, exceptionally it may 
be only two cells thick, as in many Syngnathidae. The basal layer always 
consists of undifierentiated epidermal cells, although here and there throughout 
the epidermis may usually be found wandering cells {wanderzdlen) which are 



Fig. 58. — ^Integoment: Epidermis of fish. Tench (Ttnca). Vertical section ; c. c. club cells; 
d. c. t, deep connective tissue; ni, c, mucous cells; p. c, pigment cells; sc. scale (see also Fig. 112, 
p. 178). The club cells do not occur very near the surface but are nevertheless lost when the 
epidermis is abraded. Although there is .some flattening of the surface cells, keratinisation does 
not usually occur in fishes. (Drawn by G. H. O. Burgess.) 

capable of amoeboid movement and enter into the epidermis from the under- 
lying connective tissue. Just above the basal layer there often occur the 
earliest stages in the development of the various t5q>es of secretory cell. Keratin 
occurs only in certain specialised epidermal structures (e.g. lamprey teeth and 
possibly the ‘pearl organs’ of cyprinids). Secretory glands are very rare in 
fishes, but secretory gland cells are always found. Mucous cells occur in the 
epidermis of all fishes. These arc usually of the goblet-cell type with a basal 
semi-lunar nucleus and a theca of cytoplasm surrounding the secretion (Fig. 58), 
but in some fishes (and agnathans) other types of mucous cell are found (as for 
instance in Myxine, Fig. 197). The lubricating secretions from mucous or 
slime cells are variously held to (i) reduce surface drag, (2) produce a surface 
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difficult for predators to grip, (3) prevent the lodgment of organisms, and (4) assist 
in the control of osmosis. There is reason to believe that the two last-mentioned 
functions are important. 

The skin of vertebrates is 
rarely naked and is usually 
provided with protective struc- 
tures of various kinds, such as 
scales, bony plates, feathers, 
or hair. Scales of the fishes 
are of different shapes, such as 
cycloid, ctenoid, or rhomboid, 
but it is the structure rather 
than the shape that is of im- 
portance and of value in classi- 
fication. There are three main 
kinds of scales in fishes : the 
placoid, the cosmoid, and the 
ganoid. The placoid scale 
(Fig. 59), with an ectodermal cap of enamel and a body of dentine surrounding 
a pulp-chamber, has essentially the same composition as a tooth. In the 



Fig. 60. — ^lnteiniiii6nt: Cosmoid scale. A, piece of a thick transverse section enlarged; B, 
section through the hind edge, enlarged; C, outer view of a complete scale. Carboniferous 
rhipidistian Megahehthys. ac. anterior region covered by next scale; c. large vascular cavity; ch. 
chamber of cosminc layer; d(. canaliculi of cosminc; g. thin outermost layer; k. irregular vascular 
canals; *. isopedine layer; o, opening of chamber of cosmine layer on surface; pc. pulp cavity from 
which canaliculi radiate; vc. vertical canal leading to vascular cavity. (After Goodrich.) 



Fig. 59.— ‘Integument: Placoid scale. Median dorsal 
denticle scale of Raja blanda. A, left side view; B. 
section, enlarged; b. basal plate; d. dentinal tubules; 
o. opening of pulp cavity; s. p. projecting spine; tr. 
trabecular dentine. (After Goodrich.) 


elasmobranchs, in which the placoid scale is characteristic, there is a clear 
transition from the scales on the body to the teeth on the jaws. They lie 
superficially and, if lost, can be continually replaced. 
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The cosmoid scale (Fig. 6o) lies deeper in the dermis, and consists of three 
layers. The outer costnine layer is formed of an acellular substance somewhat 
like dentine. This contains vascular spaces and fine radiating-tubules. On the 
outer surface it has a thin layer of the hard, glossy vitrodenline. The middle 
vascular layer is formed of bone perforated by numerous anastomosing canals for 
the blood-vessels. The bottom isopedine layer consists of several laminae of bone 
Iving parallel to one another, through which at intervals run canals for blood- 
vessels passing to the vascular layer. Cosmoid scales are not shed, and during 
growth expand by the addition of cosmine round the edge of the upper surface 
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Fig. 6i. — Integument: Ganoid scale, yt , diagrammatic and enlarged view of a piece of scale 
from the carboniferous pala*oniscoid Plccirolepts ( --- Juirynotus). B, outer view of a complete 
scale; C\ transverse section of a scale, a. anterior covered region; ap. articulating process; c 
fine canaliculi of cosmine layer; g. ganoine layer; h, system of horizontal canals: isopedint 

layer; o. opening of vertical canals on the outer surface; />. exposed posterior shiny part of the 
scale; s. outer surface; re. vertical canal. (After Goodrich.) 


and by addition to the isopedine layers below. It is possible that the vitro- 
dentine covering of the scale can be resorbed and replaced at intervals during 
the life of the fish, but not all authorities are agreed upon this point. Cosmoi<l 
scales are found only in the crossopterygians (p. 353), but in living forms much 
of the characteristic structure of the scale has been lost. 

The ganoid scale (Fig. 61) is composed of layers of acellular ganoine on the 
upper surface which pass into layers of isopedine below. Between these tw«) 
layers are two more. The upper resembles cosmine and the lower one th<‘ 
vascular layers (see above), but these are not universally present and may be 
much reduced. The growth of the ganoid scale differs from that of the cosmoid 
in that fresh layers are laid down on the top of the scale as well as on the under- 
side. This type of scale and its derivatives is confined to the Actinopterygi* 
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(p. 283), A superficially similar type of scaling is found in acanthodian fishes 
(p. 207). 

Scales and bony plates occur in the higher vertebrata, but their relation 
to those of the fishes is still obscure. In reptiles and birds the scales and 
feathers, and in mammals the hair, are epidermal in origin and are formed 
of a tough, homy, sulphur-containing protein termed keratin. Details of the 
structure are given in the accounts of the respective classes. 

Beneath the skin is the muscular layer. The homology of the lateral 
musculature of all fish-like chordates, from the Acrania (p. 47) to teleost fishes 
(p. 239), is well established. The action of this musculature causes lateral 
undulation of the body and is much the same in each group, although consider- 
able differences in the degree of efficiency (as measured by speed and agility 
in locomotion) are manifest. Such muscles contract serially. In association 
with an extensive and serial connective-tissue system, they act in relation to 
the flexible, yet resistant central notochord (see below). There is fossil evidence 
that optimal locomotion was probably achieved by fish-hke chordates in the 
early Palaeozoic (p. 3), and the general pattern of musculature has not changed 
significantly since. Forms existing to-day exhibit three principal types of 
lateral muscle architecture ; (i) amphioxine, embracing the Acrania, (2) 

cyclostomine, including recent agnathous chordates, and (3) piscine, comprising 
the cartilaginous fishes (Elasmobranchii) and the bony fishes (Actinopterygii). 
(The external appearance of the lateral musculature of representatives of 
each of these groups, with individual elements offset, is shoum in Fig. 62.) 
In detail, the lateral layer consists of zigzag muscle-segments or myomeres, 
separated from one another by partitions of connective tissue, or myocommas, 
and formed of longitudinally disposed muscle-fibres. The myomeres are not 
l)laced at right angles to the long axis of the body, but are directed from the 
median vertical plane outwards and backwards, and are at the same time 
convex in front and concave behind, so as to have a cone-in-cone arrangement 
(Fig. 63, C). Each myomere, moreover, is divisible into a dorsal {d. m.) and 
a ventral {v. m.) portion. In the higher groups this segmental arrangement, 
though present in the embryo, is lost in the adult, the myomeres becoming 
converted into more or less longitudinal bands having an extremely complex 
arrangement. 

All three types of lateral musculature mentioned above possess the common 
function of bending the animal from side to side, achieving locomotor force as 
mentioned above. In each instance pull is exerted obliquely to the notochord 
(Fig. 63) and the long axis of the body. ‘The myomeres pull at once latero- 
craniad and latero-caudad to bend the body from its position of equilibrium, or 
rest, into concavity. If continued, this movement would lead to a condition of 
instability, in which the vectors of the forces applied would pass across the 
axis of bending and the body would be distorted' (Nursall). However, this 
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Fig. 62.— Mnscnlatute: Uyomere pattern ol fishes and fish*like dio^tes. mvomere 

A. Amphionne: d) lateral view of Amphioxm; (2) lateral view of an individual myom . 

(3) horizontal sections through myomere. . .. j 

B. Cyclostomme: (i) lateral view of Petromyzon; (i) lateral view of an in iv u 

(3) horizontal sections through myomere. ^ 

C. Piscine: (i) lateral view of Squalus; (2) lateral view of an individual myomere 

region. ^ ^ > bodv 

D. Piscine: (i) lateral view of Perea; (2) lateral view of my^* 

region ; (3) lateral view of a myomere from caudal peduncle; (4) * 

mere of caudal peduncle. (All drawings arc semi-diagrammatic.) (Alter wursaw.; 
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is prevented by the length of the body and its resistance to compression. At 
the same time, restorative forces are applied on the opposite (now convex) 
side of the body and these supplant the original bending movement. Thus the 
animal becomes concave on the other side. Actual locomotion is achieved by 
the reaction with the w’ater of lateral waves set up by the rapid serial contrac- 
tion of myomeres antero-posteriorly along the sides of the body. The 
myomeres arc attached to the centra, neural and hamal spines of the vertebrae 
and to the inter-muscular myocommas. Longitudinal ligamentous (p. 74) 
secondary' attachments, formed by the apposition of deej> Mvostpiu, sometimes 
occur, especially in selachians. In the myosepta of some species there occur 
intermuscular hones (p. 94). 

In the trunk the muscular layer encloses the cceloni (Fig. 6j, A and C, ccrl.}. 
The muscular layer, as in Amphioxus, is not of even diameter throu]ghout, but 
is greatly thickened dorsally, so that the cmlom is, as it were, throwTi towWds 
the ventral side. Its dorsal portion, moreover, is excavated by a canal, the 
neural or cerebrospinal cavity (c. s. c.). in which the central nervous system is 
contained, and the anterior portion of which is always dilated, as the cranial 
cavity, for the brain. Thus a transverse section of the trunk has the form of a 
double tube. In the head, neck, and tail {B. D), the coelom is absent in th( 
adult, and the muscles occupy practically the whole of the interval between 
the skin and the skeleton. In the tail, however, there is found a kamal canal 
(h. c.) containing connective-tissue, and representing a virtual backward 
extension of the cadom. This canal contains the principal caudal artery anti 
vein. The fins, or fore- and hind-limbs, are moved by longitudinal muscles 
derived from those of the trunk. All the voluntary muscles of Craniata are 
striated. 

The coilom is lined by peritoneum (C, pr.), a membrane formed of an outei 
layer of connecti\ e-tissuc, a middle muscle layer, and an inner layer of ctelomit 
epithelium bounding the cavity, and thus forming the innermost laj’cr of tin 
body-wall. In fishes the coelom is divided into two chambers ; a large abdominal 
cavtiy containing the chief viscera, and a small forwardly-placed pericardia! 
cavity {A, pc.) containing the heart, and lined bj' a detached portion of peii- 
toneum known as the pericardium. In mammals there is a vertical muscular 
partition, the dtapkra{>m, dividing the coelom into an anterior chamber or 
t orax containing the heart and lungs, and a posterior chamber or abdomen 
containing the remaining viscera. In birds a somewhat simUar but less 

massive, oblique septum occurs behind the liver and anterior to the other 
viscera. 

Skeleton. ^The hard parts or supjiorting structures of Craniata fall into tun 
categorie^the exoskeleton and the endoskeletcn. The exoskeleton consists of 
deposits in the skin, and may be either epidermal or dermal, 
or o , ut IS never cuticular, like the armour of an arthropod or the shell of a 
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mollusc. The epidermal exoskeleton is always formed by the comification or 
conversion into horn of epidermal cells, and may take the form of scales. 


feathers, hairs, claws, nails, horns, 
and hoofs. The dermal exo- 
skeleton occurs as either bony or 
hom-like deposits in the dermis, 
such as the scales and dermal fin- 
rays of fishes, and the bony armour 
of a sturgeon, crocodile, or arma- 
dillo. 

The endoskeleton presents an 
immense range of variation in the 
different classes and orders. As 
in Amphioxus, the axis of the 
entire skeletal system is formed by 
the notochord {Fig. 64, nch.), an 
elastic rod made of peculiar vacuo- 
lated cells (Figs. 64, 65, nch.) and 
; covered by a laminated sheath (sh. 
nch.) with an external elastic metn- 
brane {el. m.) around it. The 
whole sheath is, in the Craniata, a 
cuticular product of the superficial 
notochordal cells {nch. c.), being 
developed as a secretion from their 
outer or free surfaces. The noto- 
chord lies in the middle line of the 
cavity above. 



Fig. 64. Tertebnl ecdniim: Craniate embryo. 

c. c. central canal; el. m. external elastic membrane; 
h. t. hiemal ridges; n. c. neural arch; nch. noto- 
chord; nch. c. notochordal cells; p. c. t. perichordai 
tube; sh. nch. sheath of notochord; $k. c. skeleto- 
genous cells migrating into notochordal sheath; sk. 1. 
skeletogenous layer; sp. cd. spinal cord. (Modified 
from Balfour and Gadow.) 


dorsal body-wall between the cerebrospinal 
and the coelom below. It is developed as a median rod of cells 



Fig. 63.— Vertebral eohuna: 
Segmentation, c. n. t. perichordai 
tube; h. r. haemal ridge; k. t. 
hiemal arch ; t. v. f. intervertebral 
foramen; n. t. neural arch; nch. 
notochord. The dotted lines in- 
dicate the segmentation into ver- 
tebrm. 


detached, in the neurula, from the continuous chordo-mesoderm sheet of the 
gastrula. Posteriorly it extends to the end of the tail, but in front it always 
stops short of the anterior end of the head, ending near the middle of the brain 
immediately behind the compound pituitaiy body (Fig. 63, A, pty. b.). The 
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extension of the nervous S37stem in front of the notochord is one of the most 
striking differences between the Craniata and the Acrania (p. 47). In the 
latter the notochord is uniquely prolonged to a considerable distance beyond 
the anterior end of the nerve-tube during the elongation of the larva (p. 62). 

In the majority of living Craniata the notochord is a purely embryonic 
structure, and all but the anterior end of it is replaced in the adult by the 
vertebral column. The cells of mesoderm (sclerotome) surrounding the noto- 
chord become concentrated arotmd the sheath and give rise to the skeletogmous 
^ layer (Fig. 64, sh:l.), some of the cells of ^hich 

\i 1 1. (sA. c.) may migrate through the elastic mem- 

}j 11 brane into the sheath itself. In this wafy the 

Ji \\ notochord becomes surrounded by a ceUular 

fi O \\ investment which soon takes on the stniqture 

1 of cartilage, and may be called the perichordal 

§ /J I K tube (Fig. 64, p. c. t., and Fig. 65, c. n. L). 

^ C I '' 1 skeletogenous layer also grows upwards, 

V'V / J and gives rise to an inverted tunnel of 

1 I U cartilage (p. 72), the neural arch (n. c., n. t.), 

jE . ' ■ * enclosing the cerebro-spinal cavity and con- 

I ■ I I 1 nected below with the perichordal tube ; and 

I • ,1 to paired hamal ridges (h. r.) of cartilage 

/ V f" M standing out from the sides of the perichordal 

muscles. In the r^on of the 

Y . I tail these unite below to enclose the heemal 

' I ' canal (A. c.) already mentioned. Actually, 

_ ^ however, the vertebral column thus consti- 

Fio. 66, — Cranial elements: Em- 

Inyo Satanon. From above, au. e. tuted is from the first more or less broken up 

pS^'3'rd^r/J^. Sition oSit^; “»to segments, and in the higher forms is 

^y : tr, trabecula. (From a model replaced by a chain of bones, the vertebra. 
by Ziegler.) ^ , , .... 

These begin a short distance behind the 
anterior end of the notochord and extend to the extremity of the tail. 

A vertebra consists essentially of the following parts : (x) a centrum or 
body (Fig. 63, C, cn.) lying below the spinal canal in the position formerly 
occupied by the notochord and perichordal tube, and arising either in the 
skeletogenous layer proper, or in the notochordal ^eath after its invasion by 
skeletogenous cells ; (2) a neural arch (n. a.) which springs from the dorsal 
surface of the centnun and encircles the neural canal, representing a segment 
of the neural tube ; and (3) a pair of transverse processes {t. p.) which extend 
outward from the centrum among the muscles and represent segments of the 
hxmal ridges. To these are often attached ribs which extend downwards in 
the bcdy-wall, sometimes between the dorsal and ventral muscles (/.), some- 
times immediately external to the peritoneum (r.). In the anterior part of the 


ncA. 

Fio. 66. — Cranial dementi: Em- 
Into Salmoile From above, au, c, 
auditory capsule; notochord; pc, 
parachordal; pty, position of pituitary 
body; tr, trabecula. (From a model 
by Ziegler.) 



PHYLUM CHORDATA 


91 


ventral body-w^Il a cartilaginous or bony sternum or breast-bone may be 
developed. Thus the anterior or thoracic region of the coelom is enclosed in an 
articulated bony framework formed of the vertebral column above, the ribs 
at the sides, and the sternum below. The ribs in these circumstances become 
segmented each into two parts, a dorsal vertebral rib, articulating with a 
vertebra, and a ventral sternal rib with the sternum. The former is usually 
ossified; the latter remains as cartilage. Jn the tail there is frequently a 
heemal arch (Fig. 63, D, h. a.) springing from the ventral aspect of the centrum 
and enclosing the haemal canal. Thus the line of centra in the fully-formed 
vertebral column occupies the precise position of the notochord. The neural 
arches encircle the spinal portion of the cerebrospinal cavity ; the transverse 
processes, ribs, and sternum encircle the coelom ; and the haemal arches similarly 
surround the haemal canad or vestigiad coelom of the taiil. As we aiscend the 
cramiate series we find every gradation from the persistent notochord of the 
launpreys amd hags, through the imperfectly differentiated vertebrae of sharks 
and rays, to the complete bony vertebral column of the higher forms. 

The vertebrae are equal in number to the myomeres, but aue atrranged 
adtemately with them, the fibrous partition between two myomeres abutting 
aigainst the middle of a vertebra, so that each muscle-segment acts upon 
two adjacent vertebrae. Thus, the myomeres axe metameric or segmental 
structures, and the vertebrae are intersegmental. 

In connection with the amterior end of the notochord, where no vertebrae 
are formed, there are developed certaun elements of the skull or cephalic 
skeleton. This structure is eminently characteristic of the w'hole cramiate 
division, and gives the group its naime. The skull makes its first appearance 
in the embryo in the form of padred cartilaginous plates, the parachordals 
(Fig. 66, pc.), lying one on eamh side of the anterior end of the notochord (nch,), 
and thus continuing forward the line of vertebrad centra. In front of the 
paraichordads au% developed a padr of curved cartilaiginous rods, the trabecula 
(tr.). These underlie the anterior part of the brain as the parachordals underlie 
its posterior part. Their hinder ends diverge so as to embrace the pituitauy 
body (pty .) . Cairtilaginous investments are also formed around three prominent 
paired organs of special sense ; i. a padr of olfactory capsules round the organs of 
smell; 2. optic capsules round the organs of sight; and 3. auditory capsules 
(au. c.) round the organs of hearing and equilibrium. The optic capsule, 
which may be either cautilaginous or fibrous, remains free from t^ remadning 
elements of the ^ull in accordance with the mobility of the eye. It constitutes, 
in fact, the sclerotic or outer coat of that organ. The olfactory capsules 
are usually formed in relation to the trabeculae, and aure continuous with 
those structures from am early stage. The auditory capsules in some cases 
arise as outgrowths of the parachordals, in others as independent cartilages, 
each of which, however, soon unites with the pauuchordal of its own side. As 
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development proceeds, the trabeculae and parachordals become fused into a 
single basal plate (Fig. 67, B, b. cr.) underl5ring the brain. The skull-floor thus 
formed gives off vertical upgrowths on each side or, in some groups, the side 
wall caurtilage may be of independent origin. The vertical components close 
in above to a greater or less extent, and so give rise to a more or less com- 
plete cranium or brain-case enclosing the brain and the organs of olfaction 
and hearing, and furnishing open cavities or orbits for the eyes. 

In the continuous solid cranial box thus formed, certain definite regions 
can be distinguished. These are firstly a posterior or occipital regiot^ formed 
from the parachordals, united or articulated with the anterior end of the 
vertebral column, and presenting a large aperture, the foramen inagnum 

Fig. 67. — Otftilagiii- 
oils skull. A. j^eft side; 
B. in sagittal \ section. 
au. cp. auditory bapsule; 
g h,br, j- 5 . basi-branchials ; 

h. cr. basis cranii; b. hy. 
basi-hyal; c. br. cerato- 
branchial; c. hy. cerato* 
hyal ; ep. br. epi-bran- 
chial; ep. hy. epi-hyal; 
fon. fontanclle; for. mag. 
foramen magnum ; h. br. 
hypo- branchial; [h. hy. 
hypo-hyal; hy. m. hyom- 
andibular; lb. i — 4, lab- 
ial cartilages; mck. c. 
Mecjkers cartilage; m. 
eth xiii^ethnioid; nv. 1 — 
10, foraminV for cranial 
nerves; olf. cp. olfactory 
capsule; pal. qu. palato- 
quadrate ; ph. hr. pharyn- 
gobranchiaJ; qu. quad- 
rate; r. rostrum; s. i. 
pituitary fossa or sella 
turcica. 

(Fig, 67, B, for. mag.). Through this the spinal cord is continuous with the 
brain. There is secondly an auditory region formed by the two prominent 
auditory capsules {A, au. cp.). Thirdly, there is a trabectdar region, including 
all the rest. The last-named is again divisible into an interorbital region, 
between the orbits or eye-sockets ; an olfactory r^ion, constituted by the 
olfactory capsules {olf. cp.) and by a median vertical plate, the mesethmoid 
(B, m. eth.), which separates them from one another ; and a pre-nasal region or 
rostrum {r.) extending fonvards from the mesethmoid and forming a more or 
less well-marked anterior prolongation of the cranium. The cavity for the 
brain (B) extends from the foramen magnum behind to the olfactory region in 
front. Its floor is formed from the basal plate of the embryo and is called the 
basis cranii (b. cr.). Its roof is always incomplete, for it contains one or more 
apertures or fontanelles {fon.). These are closed only by membranes. Their 
retention is due to the imperfect union above the side-walls. 
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In the walls of the brain-case are apertures or foramina through which pass 
the cranial nerves. The most important such apertures are as follows : The 
olfactory foramina [nv. i) are situated at the anterior end of the cerebral cavity, 
one on each side of the mesethmoid. Through these run the first cranial or 
olfactory nerves. The optic foramina {nv. 2) occur in the interorbital region 
and are traversed by the second cranial or optic nerves. The trigeminal 
foramina {nv. 5) lie anterior to the auditory capsule and allow egress to the 
fifth or trigeminal nerves. The auditory foramina {nv. 8), in the inner wall of 
the auditory capsule, carry the short eighth (auditory) nerves. The vc^us 
foramina {nv. 10), carrying the large wandering tenth or vagus nerve, lie 
immediately posterior to the auditory capsule. 

In addition to the elements of the brain-case — parachordals, trabeculae, 
and auditory capsules — there enter into the comp>osition of the skull another 
set of elements called visceral bars. These are cartilaginous rods formed just 
outside the endodermal lining of the pharynx between the gill-slits. They 
thus encircle the pharynx like a series of paired half-hoops (Fig. 63, B, vs. b.). 
The corresponding right and left bars become united with one another below 
by an unpaired cartilage (Fig. 67, A, b. br.), forming a visceral arch. The 
unpaired ventral parts may unite successive arches with one another in the 
middle ventral line, thus giving rise to a more or less basket-like visceral 
skeleton. The visceral skeleton has a segmental arrangement, being arranged 
in an antero-posterior series, whereas in the cranium there is no clear indication 
of segmentation. There is, however, no exact correspondence between the 
segments of the visceral skeleton and the metameres. The visceral arches 
vary in number from four to nine. The foremost is distinguished as the man~ 
dibvlar arch, and lies just behind the mouth. The second is called the hyoid 
arch. The rest are known as branchial arches because they support the gills in 
aquatic forms. 

In all Craniata except the Agnatha the mandibular arch becomes modified 
into jaws for the supp)ort of the mouth. Each mandibular bar divides into a 
dorsal and a ventral portion called resp)ectively the palato-quadrate cartilage 
(Fig. 67, A, pal. qu.) and Meckel’s cartilage {mck. c.). The palato-quadrates 
grow forwards along the upj)er or anterior margin of the mouth, and may unite 
with one another in the middle line, forming an upper jaw. Meckel’s cartilages 
similarly extend along the lower or posterior margin of the mouth and unite 
in the middle line, forming the lower jaw. The quadrate {qu.), or posterior end 
of the palato-quadrate furnishes an articulation for the lower jaw, and often 
acquires a connection with the cranium, thus serving to susp>end the jaws from 
the latter. ' Thus each jW arises from the union of paired bars. The final 
result is two unp>aired transverse structures, one l3dng in the anterior, the other 
in the posterior margin of the transversely elongated mouth, and moving in a 
vertical plane. 
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The hyoid bar usually becomes divided into two parts : a dorsal, the 
hyomandibtdar (hy.m.), and a ventral, the hyoid comu. The latter is again 
divisible from above downwards into segments called respectively epi-hyid 
(ep.hy.), cerato-hyal {c.hy.), and hypo-hyal (h.hy.). The median ventral element 
of the arch, or basi-hyal (b.hy.), supports the tongue.* 

Hyoid and mandibular are ‘visceral' bones, developing in association 
with the alimentary tract. Other ‘ visceral ' bones are the os cordis in the heart 
of some ungulates, and the diaphragmatic ossification in camels. The bacuhtm 
{os penis, os priapi), an ossification in the fibrohs septum between th^ corpora 
cavernosa (p. 890) and the intermuscular bones of many fishes (p. 301), also 
come into this category (pp. 74, 88). 

In early bony fishes — e.g. the Acanthodii (p. 207) — ^the jaws are Attached 
by ligaments to the neurocranium. The hyoid arch, instead of being n^odified 
to support the upper and lower jaws, is as complete as are the posterior arches. 
The gill-slit lying in front of the hyoid arch, instead of being reduced to a spiracle 
which may even be closed and disappear, is fully functional as a complete gill. 
This type of j aw suspension is autodiastylic. When the hyomandibular becomes 
attached to the hinge of the upper and lower jaws, and supports them so that 
the attachment to the skull is lost, the suspension is termed hyostylic . This is 
the form of attachment of the majority of fishes. In some early forms, and in 
a few living fishes, there is an attachment to the skull as well as to the hyoman- 
dibular. This condition is termed amphistylic . It appears that in fishes the 
autodiastylic attachment is the most primitive. The amphistylic condition 
was derived from it. The hyostylic condition is the most recent. It is 
probable that the last-named condition has been arrived at independently in 
the later Chondrichthyes and bony fishes. 

Finally, the upper jaw, instead of merely lying against the skull and attached 
only by ligaments, as in the autodiastylic phase, may become fused with it. 
This condition is termed autosystylic. Two groups of fishes (Dipnoi and Holo- 
cephali) have the jaws attached to the skull and no hyoid suspensitm, but the 
condition in each case is different. The Holocephali have a complete hyoid 
arch which is free from the cranium, a condition uduch, according to different 
interpretations, may be an approach to the autodiastylic condition or a 
secondary modification such as-is shown by the skates (p. 226). To this kind 
of suspension the term holostylic has been given. In the Dipnoi and all tetra- 
pods the hyoid arch becomes broken up and the hycnnandibular attached to 
the skull, where it soon enters into the service of the ear region. This condition 
is usually termed autostylic. As this term, however, really covers more than 
one condition it is now divided into auiosystyUc and halo^lic. 

The branchial arches become divided transversely into doisoventral s^- 

* JmvQc s reconstraction of the head of EuslkenopUron snggests that many structnm in the 
neurociamam axt derived from the dorsal components of the three pro-otic visceral arches. 
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ments called respectively pharyft^o-btanchial (ph.br.), epi-branchial {ep.br.), 
cerakhbranchial (c.br.), and Itypo-branchial (h.br.). The visceral skeleton thus 
acquires the character of an articulated framework which allows of the dilata- 
tion of the phar3mx during swallowing and the inspiration of water and of its 
more or less complete closure at other times (Fig. 68). 

In connection with, and alwa3rs superficial to, the rostrum, olfactory 
capsules, and jaws, are frequently found labial cartilages (lb. 1-4). These 
sometimes attain considerable dimensions. 

In certain fishes (such as elasmobranchs) the cartilages of the skull and 
vertebral column become more or less encrusted by a superficial granular 



Fig. 68. — Bony iknll. A, Sagittal section; B. transverse section of occipital region; C, of 
parietal region; D, of frontal region; E, of ethmoidal region. Cartilaginous parts are dotted; 
replacing bones are marked in thick type, investing bones in italics. Mck. C. Meckel’s cartilage; 
Nv. I — 10, foramina for cranial nerves; r. rostrum; 5. /. sella turcica or pituitary fossa. Re- 
placing bones — AL.SPH. pterosphenoid ; ART. articular; B.BR. basi-branchial ; B.HY. basi- 
hyal; B.OC. basi-occipital ; B.SPH. basi -sphenoid; C.BR. cerato-branchial ; C.HY. ceratohyal; 
EC.ETH. lateral ethmoid ; EP.BR. epi-branchial; EP.HY. epi-hyal; EP.OT. epi-otic; EX.OC, 
ex -occipital ; H.BR. hypo-branchial; H.HY. hypo-hyal; HY.M. hyomandibular; M.ETH. 
mesethmoid; OP.OT. opisthotic; OR. SPH. orbito -sphenoid; PAL. palatine ; PH.BR. pharyngo- 
branchial; PR.OT. pro-otic; PR.SPH. pre-sphenoid; PTG. pterygoid; QU. quadrate; S.OC. 
supra-occipital. Investing bones — DNT, dentary; FR. frontal; MX. maxilla; NA. nasal; 
PA. parietal; PA. SPH. para-sphenoid; PMX. premaxilla; SQ. squamosal; VO., v.o. vomer. 


deposit of lime-salts, giving rise to calcified cartilage (p. 73). In all the other 
forms true ossification takes place, the cartilaginous skull becomes complicated, 
and to a greater or less extent replaced, by distinct bones. Of these there are 
two kinds, replacing or ' cartilage’ -bones and investing or ‘membrane’ -bones. 
Replacing bones may begin by the deposition of patches of bony matter within 
the cartilage (endochondral ossification). 

As development proceeds, the bone first formed (primary bone) is mostly 
replaced by secondary bone. Interstitial lamellte (or lamina, see p. 73} are 
the persisting primary bone. The perichondrium is transformed to peri- 
osteum, giving rise to a subjacent collar of bone. This is perichondral or 
periosteal ossification. 

The bones in question are usually said to be preformed in cartilage, i.e. 
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they replace originally cartilaginous parts. In the case of investing (membrane) 
bones, centres of ossification also appear, in constant positions, in the fibrous 
tissue outside the cartilage. They may remain quite independent of the original 
cartilaginous skull and its replacing bones, so as to be readily removable by 
boiling or maceration ; or they may eventually become, as it were, grafted on 
to the cartilage, in which case all distinction between investing and replacing 
bones is lost in the adult. The investing bones are to be looked up>on as 
portions of the exoskeleton which have retreated from the surface and acquired 
intimate relations with the endoskeleton. ( 

The replacing bones have a very definite relation to the region^ of the 
cartilaginous cranium. In the occipital region four bones are formpd, sur- 
rounding the foramen magnum. These are a median ventral basi^cdpital 
(Fig. 68, A and B, B.OC.), paired laterad exoccipitals {EX.OC.), and a pnedian 
dorsal supraoccipital (S.OC.). In each auditory capsule three ossifications 
commonly appear. These are a pro-otic (A, PK.OT.) in front, an opisthotic 
(OP.OT.) behind, and an epiotic over the arch of the posterior semicircular 
carnal of the ear (see below). In front of the basioccipital a bone called the 
basisphenoid (A and C, B.SPH.) is formed in the floor of the skull. The 
basisphenoid appears in the position of the posterior ends of the trabeculae, 
and bears on its upper or craniad surface a depression, the sella turcica (s. /.), 
for the reception of the pituitary body. Connected on either side with the 
baisisphenoid are paired bones, the latero- or ptero-sphenoids, which help 
to furnish the side-walls of the interorbitad region. In the Maunmalia, their 
place is taken by the alisphenoids. The basisphenoid is continued forwards 
by another median bone, the presphenoid (A and D, PR.SPH.) with which 
paired ossifications, the orbitosphenoids {OR.SPH.), are connected amd com- 
plete the side-walls of the inter-orbital region. The baisioccipital, baisi- 
sphenoid, and presphenoid together form the baisis cramii of the bony skull. 
A vertical plate of bone, the mesethmoid (M.ETH.), appears in the posterior 
portion of the cartilage of the saune naime. The outer walb of the olfactory 
capsules may be ossified by paired ectoethmoids (EC.ETH.). 

So far the craniad cavity has its hinder region alone roofed over by bone, 
viz. by the supraoccipital : for the rest of it the replacing bones furnish floor 
and side-wadls only. This deficiency is made good by two paurs of investing 
bones. These are the parietals (PA .), formed immediately in front of the supra- 
occipital and usuadly articulating below with the pterosphenoids, and the 
frotUals (FR.), plaiced in front of the parietads, amd often connected below with 
the orbitosphenoids. A pair of nasals {NA .) are developed above the olfactory 
capsules and immediately in advauice of the frontads. Below the baise of the 
skull two important investing bones make their appearamce, the vomer (wo.)— 
which may be double— in front, and the parasphenoid {PA.SPH.) behind. 

The result of the peculiar arrangement of replacing and investing bones 
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just described is that the brain-case, in becoming ossified, acquires a kind of 
secondary segmentation, being clearly divisible in the higher groups, and 
especially in the Mammalia, into three quasi-segments. These are: (i) the 
occipital segment (B), formed by the basioccipital below, the exocdpitals at 
the sides, and the supraoccipital above * ; (2) the parietal segment (C), formed 
by the basisphenoid below, the alisphenoids laterally, and the parietals above ; 
and (3) the frontal segment (D), constituted by the presphenoid below, the 
orbitosphenoids on either side, and the frontals above. It must be observed 
that this segmentation of the cranium is quite independent of the primary 
segmentation of the head, which is determined by the presence of myomeres 
and by the relations of the cerebral nerves. 

The cranial bones have constant relations to the cerebral nerves. The 
olfactory nerves (A, Nv. j) pass out one on either side of the mesethmoid, the 
optic nerves {Nv. 2) through or immediately behind the orbitosphenoids, 
the fifth nerves {Nv. 5) through or immediately behind the pterosphenoids, and 
the tenth nerves {Nv. 10) through or immediately in front of the exocdpitals. 

It will be seen that a clear distinction can be drawn between the primary 
cranium, chondrocranium, or neurocranium (formed by the fusion of the para- 
chordals, auditory capsules, and trabeculae, and consisting of an undivided 
mass of cartilage more or less replaced by bones), and the secondary cranium or 
osteocranium, which is modified by the super-addition of investing bones. 

A similar distinction may be drawn between the primary and secondary 
jaws. The primary upper jaw, or palato-quadrate, becomes ossified by three 
chief replacing bones on each side, the autopalatine {A, PAL.) in front, then the 
autopterygoid {PTG.), and the quadrate {QU.) behind. The last-named furnishes 
the articulation for the lower jaw or mandible. In the higher classes the 
front of the primary upper jaw is not a distinct cartilaginous structure, and 
the palatine and pterygoid are developed as investing bones. The secondary 
upper jaw is constituted by two pairs of investing bones, the premaxiUa {PMX.) 
and the maxilla {MX.), which in bony skulls furnish the actual anterior boun- 
dary of the mouth, the primary jaw becoming altogether shut out of the gape. 
The proximal end of the primary lower jaw ossifies to form a replacing bone, the 
articular {ART.), by which the mandible is hinged. The rest of it remains as 
a slender, unossified Meckel’s cartilage {Mck. C.), which may disappear entirely 
in the adtilt or its symphysial ends may sometimes ossify as mentomeckdian 
bones. The secondary lower jaw is formed by a variable number of investing 
bones, the most important of which is the dentary {DNT.). In the Mammalia 
the dentary forms the entire mandible, and articulates, not with the quadrate, 
but with a large investing bone formed external to the latter, and known as the 
squamosal {SQ.). 

* With the occipital segment in many fishes are amalgamated one or several of the most 
anterior vertebrae. 
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In the hyoid arch a replacing bone, the hyomandibtdar (HY.M.), appears 
in the cartilage of the same name, and ossifications are also formed in the 
various segments of the hyoid cornua {EP.HY., C.HY., H.HY., B.HY.) and of 
the branchial arches (PH.BR., EP.BR., C.BR., H.BR., B.BR.). In the air- 
breathing forms both hyoid and branchial arches undergo more or less complete 
atrophy, the whole gill-bearing apparatus becoming reduced mainly to a small 
hyoid bone (which supports the tongue) and the stapes of the middle ear. 




Fig. O9. — ^Pelvic fins. Three stages in 
development. In A, the anterior pterygio- 
phores on the right side {Rad.) have united to 
form a basal cartilage (Bas.); in B the 
basalia (Bas.) are fully formed and are uniting 
at ♦ to form the pelvic girdle ; in C the pelvic 
girdle (G.) is fully constituted, and at f has 
segmented from the basalia on the right side. 
CL cloacal aperture. (After Wiedersheim.) 


The skeleton of the median fins is formed of a single row of cartilaginous 
rays or pterygiophores (Fig. 69), lying in the median plane, and primitively 
more numerous than the vertebrae. They may ossify, and be supplemented 
by dermal fin-rays, of varying composition, developed in the dermis towards 
the free margin of the fin. The latter are clearly exoskeletal structures. 

Both pectoral and pelvic fins are supported by pterygiophores or radialia 
(Fig. 69, Rad.). The basal or proximal ends of these are articulated with stout 
cartilages, the basalia (Bas.), which are often replaced by bones, that serve to 
strengthen the fin at its point of tmion with the trunk. 

The structure of the paired fins varies in different groups of fishes (Fig. 70). 
It is supposed that they arose from an originally continuous fold alrnig each 
side of the body from which the fins became constricted. This view is to some 
extent supported by embryological evidence and by the condition of the paired 
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fins of Cladosdttche (p. 222), which, being without a posterior notch, have the 
appearance of being the remains of a previously continuous fin. The rows of 
spines on each side of the acanthodians (Fig. 134) and of the agnathous Anaspida 
(Fig. 106) are likewise suggestive of a continuous fold. When such a fin as 
that of Cladoselache (pleurorhachic type) became free from the body-wall, 
it would consist of an axis of basalia and a fringe of radialia on the preaxial 
side. When more radials appeared on the postaxial side, as in Pleur acanthus, 



Fig. 70. — Paotoral fins. A, Cladoselache; B, Cladodus; C, Pleur acanthus; D, a 'shark'; £. 
Neocerafodus; F, a primitive Actinopterygian; G, a teleost. The dotted lines suggest possible 
lines of functional evolution. 


the fin reached the condition known as the archipterygium (mesorhachic type). 
This t3rpe of fin is also found in the crossopterygians and dipnoans (p. 353). In 
the majority of Chondrichthyes (p. 219) the fin has three basalia, termed the 
pro-,tne$o~, and meta-pterygium, respectively, and a number of radialia arranged 
around them. The fin of the Polypterini (p. 290) has a somewhat similar 
appearance, though probably of a different origin. The Actinopter3^ 
(p. 282} show a further modification, the basalia being lost and the radials 
reduced to small ossicles which lie within the body-wall, aitd not in the fin web. 
Besides the basals and radials, the fins are all strengthened in the free part by 
fin-rays, whidr are of several kinds : homy, fibrous, or modified scales. 
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In all classes above the fishes the paired fins are, as we have seen, replaced 
by five-toed or pentadactyle limbs (see p. 382). These are supported by bones, 
probably to be looked upon as greatly modified pterygiophores, and obviously 
serially homologous in the fore- and hind-limbs. In the proximal division of 
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Fig. 71. — Tetiapod girdles, nuums, and pel. pectoral. B, pelvic girdles, and C, generalised 
skeleton of hand and foot. actb. acetabulum; gl. glenoid cavity; p. cor. pro-coracoid; SC1^ 
scapula; CL. clavicle; COR. coracoid ; HU humerus; of shoulder blade. FE. femur; IL. ilium; 
IS. ischium; PU. pubis. Bones of the forc-iimb are underlined. Note that the astragalus is not 
(as shown in the figure for comparative purposes) composed of two separate elements (see p. 859). 


each limb there is a single rod-like bone. In the forelimbs this is the humerus 
(Fig. 71, In the hind-limb it is the /(»n«r (F£,) or thigh-bone. In the 
middle division there are two elongated bones, an anterior, the radius, and a 
posterior, the ulna, in the fore-limb ; an anterior, the tibia, and a posterior, 
the fibula, in the hind-limb. Next follow the bones of the hand and foot, 
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which are again divisible into three sets. In the fore-limb these consist of cto'Pals 
or wrist-bones, metacarpals or hand-bones, and phalanges or finger-bones. In 
the hind-limb they consist of tarsals or ankle-bones, metatarsals or foot-bones, 
and phalanges or toe-bones. The carpals and tarsals consist typically of three 
rows of small nodules of bone or cartilage, the proximal row containing three, 
the middle two, and the distal five elements. 

The three proximal carpals are called respectively radiale, intermedium, 
and ulnare, those of the middle row the first and second centralia, those of the 
third row the five distalia, the separate elements being distinguished by 
numbers, counting from the anterior or radial edge of the limb. In the tarsus 
the bones of the first row are known respectively as tibiale, intermedium, and 
fibulare, those of the second row as centralia, and those of the third as distalia. 

The metacarpals and metatarsals are five rod-like bones, one articulating 
with each distale : they are followed by the phalanges, of which each digit 
may have from one to five. The first digit of the fore-limb is distinguished as 
the poUex or thumb, that of the hind-limb as the hallux or great toe. The 
fifth digit of each limb is the minimus. 

In connection with the paired appendages are formed supporting limh- 
girdles. These occur in the portions of the trunk adjacent to the appendages 
and serve for the articulation of the latter. In the embryonic condition they 
are continuous with the basalia and are probably ingrowths of the primitive 
fin-skeleton (Fig. 69). The shoulder-girdle or pectoral arch hcis primarily the 
form of paired bars, which may unite in the middle ventral line so as to form an 
inverted arch. Each bar — i.e. each half of the arch — furnishes a concave or 
convex glenoid surface (Fig. 71, gl.) for the articulation of the pectoral fin or 
fore-limb, and is thereby divided into two portions — a dorsal or scapular region, 
above the glenoid surface, and a ventral or coracoid region below it. The 
coracoid region is again divisible, in all classes above the fishes, into two 
portions : an anterior, the pre-coracoid (p. cor.), and a posterior, the coracoid 
proper. Each of these regions commonly ossifies — a replacing bone, the 
scapula (SCP.), appearing in the scapular region, another, the coracoid (COR.), 
in the coracoid region, while in relation with the pre-coracoid is formed a bone, 
the clavicle (CL.), largely or entirely developed independently of pre-existing 
cartilage. 

The constitution of the hip-girdle, or pelvic arch, is very similar. It consists 
originally of paired bars, which may unite in the middle ventral line, and are 
divided by the acetabulum (Fig. 71, adb.), the articular surface for the pelvic 
fin or hind-limb, into a dorsal or iliac region, and a ventral or puho-ischidl 
region, the last named being again divisible, in all classes above the fishes, into 
an anterior portion, or pubis, and a posterior portion, or ischium. Each region 
is replaced in the higher forms by a bone. The pelvic girdle thus cemststs of a 
dor^ iUum (JL.) serially homologous with the scapula, an antero-ventral 
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ptMs (PU.) which is homologous with the pre-coracoid and clavicle, and a 
postero-ventral ischium {IS.) which is homologous with the coracoid. The 
long bones of the limbs ate divisible each into a shaft, and proximal and distal 
extremities. When ossification takes place the shaft is converted into a tubular 
bone, the cartilaginous axis of which is absorbed and replaced by vascular 
hsematopoetic (blood-forming) marrow. The extremities become simply cal- 
cified in the lower forms, but in the higher a distinct centre of ossification may 
appear in each, forming the epiphysis, which finally becomes ankylosed to the 
shaft. 

Alimentary Canal and Associated Stnietores.— The alimentary canal begins 
at the mouth and is divisible into buccal cavity (Fig. 63, A, buc. c.), phar3mx 
{ph.), oesophagus, stomach {st.), and intestine {int.), the latter often communi- 
cating with the exterior by the posterior aperture of a cloaca, a chamber which 
also receives the urinary and genital ducts. The buccal cavity is developed 
from the stomodaeum of the embryo. The proctodaeum gives rise to a very 
small area in the neighbourhood of the zinus, or, when a cloaca, is present, to 
the external portion of the latter. All the rest of the canal is formed from the 
mesenteron, and is therefore lined by an epithelium of endodermal origin. 
In fishes and in the embryos of higher forms the pharynx communicates with 
the exterior by the gill-slits (t. br. a, i-y). It commimicates with the stomach 
by the oesophagus. The stomach {st.) is usually bent upon itself in the form 
of a U. The intestine {int.) is generally more or less convoluted, hence the 
stomach and intestine are together considerably longer than the enclosing 
abdominal cavity. In the embryo the intestine is sometimes continued back- 
wards into the haemal canal by an extension called the post-anal gut (p. a. g.), 
which may perhaps indicate that the anus has shifted forwards in the course of 
evolution. 

The epithelium of the buccal cavity is usually many-layered, like that of 
the skin, of which it is developmentally an in-turned portion. The pharynx 
and oesophagus have also a laminated epithelium, but the rest of the canal is 
lined by a angle layer of cells underlaid by a layer of coimective-tissue, the 
deeper part of which is called the sub-mucosa. Epithelium and connective 
tissue together constitute the mucous membrane. The mucous membrane of the 
stomach and intestine usually contains dose-set tubular glands. The digestive 
and other functions of these glands will be dealt with in individual animal 
types. Outside the mucous membrane are layers of smooth {plain or unstriped) 
muscle, usually an internal drcular and an external longitudinal layer. Exter- 
nally the intra-coelomic portion of the canal is invested by peritoneum formed 
of a layer of connective-tissue next the gut and a single-layered codomic 
epithelium fadng the body-cavity. 

In connection with the alimentary canal certain very characteristic struc- 
tures are developed. In the mucous membrane of the mouth calcifications 
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appear and {otm the teeth which, homologous with placoid scales (p. 83), usually 
occur in a row along the ridge of each jaw, but may be developed on the roof of 
the mouth, on the tongue, and even in the pharynx. A tooth is usually formed 
of three calcified tissues — dentine, enamel, and cement (see footnote, p. 71). 
The bulk of the tooth is made up of dentine (Figs. 72, 59), which occurs in three 
forms. Hard dentine consists of a matrix of animal matter strongly impreg- 
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Fig. 72. — ^Deniial and buccal annonr: Flaccid 
•calcs and permanent teeth. Left: incisor of 
mammal (Homo), The root is buried deep in the 
jaw-bone. The pulp-cavity is surround^ by a 
layer of odontoblasts (not arrowed) and contains 
vascular and nervous tissue that enters through 
tho^mdXi apical foramen. Right: Placoid scale of 
selachian. The basal plate (of dentine) is em- 
bedded in the stratum vasculare of the dermis and 
receives it as pulp. Septa of the vascular layer connect with the sub-cutaneous tissue 
overlying the muscles. (Not to scale.) (Redrawn after Hamilton, et aL, and Kendall.) 



nated with lime-salts and permeated by delicate, more or less parallel, tubules 
containing organic fibrils. Vasodentine is permeated with blood-vessels, and 
consequently appears red and moist in the fresh condition. OsteodenHne 
approaches bone in its structure and mode of development. The free surface 
of the tooth is usually capped by a layer of enamd, a dense prismatic 
structure containing not more than 3 to 5 per cent, of animal matter. It is, 
therefore, the hardest tissue in the body. The cement coats that portion 
of the tooth whidr is embedded in the tissues of the jaw, and sometimes forms 
a thin layer over the enamel ; it has practically the structure of bone. At 
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the inner end of the tooth there is frequently an aperture leading into a 
cavity filled in the fresh condition by the tooth-pulp, which is abundantly 
supplied with nerves and blood-vessels. For tooth development, see p. 

862). 

In some fishes the scales or elements of the dermal exoskeleton imperceptibly 
pass into the teeth over the ridges of the jaws, and are identical with them in 
structure so that there can be no doubt as to the homology of the two. Teeth 
are, in fact, portions of the exoskeleton which have migrated from the skin 
into the buccal cavity, and even into the pharynx, and have there increased 
in size and assumed special functions. / 

In terrestrial Craniata buccal glands open by ducts into the mouth, pie 
most prominent of these are the racemose salivary glands, which secrete a fltad 
that in some animals contains an enzyme capable of converting starch i^to 
sugar. There are also two larger, and highly characteristic, digestive glai^ds 
{hver and pancreas) in the abdominal cavity, both developed as outpushings of 
the intestine, but differing greatly from one another in their fully developed 
state. The liver (Fig. 63) is a dark-red organ of relatively immense size and 
manifold functions. Among these are the secretion of bUe (which emulsifies 
fats), and the formation of glycogen (animal starch), which, after being stored 
in liver-cells, is discharged to the blood in the form of sugar. The liver 
is formed of a mass of polyhedral cells with numerous minute intercellular 
spaces which receive the bile secreted from the cells and from which it passes 
into the hepatic ducts. The pancreas (Fig. 63, A, pn.) is a racemose gland 
that secretes pancreatic juice, the various enzymes of which act upon proteins, 
sugars, and fats. The ducts of both glands usually open into the anterior end 
of the intestine. That of the liver (6. d.) generally (but not always) gives off a 
blind offshoot ending in a capacious dilatation, the gall-bladder (g. b.). In 
this bile is stored. We thus have one or more hepatic ducts conveying the bile 
from the liver and meeting with a cysf»c duct from the gall-bladder, while from 
the junction a common bile-duct leads into the intestine. When a conunon 
duct carries both bile and pancreatic juice it is a hepato-pancreatic duet. 

Another important and characteristic organ in the abdomen of Craniata is 
the spleen {spl.), a blood-storage organ of variable size and shape, attached to 
the stomach by a fold of peritoneum. It has no duct, being connected with 
the general circulation. It is formed of a pulpy substance containing numerous 
erythrocytes, many of them in process of disintegration. Dispersed through 
the pulp are masses of leucoc}rtes (formed by splenic components of the 
reticulo-endothelud system) which pass into the general circulation. 

The parathyroid and thymus glands are each formed in connection with the 
alimentary canal. The thyroid {thd.) is developed as an out-pushing of the floor 
of the phajynx whidi becomes shut off, and forms an endocrine organ of con- 
siderable size. Its final position varies ^nsiderably in the different classes. 
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It is probably homologous with the endostyle of the Tunicata and of Amphioxus, 
which is an open groove on the ventral side of the pharynx (p. 24). This 
view is supported by the condition of the parts in the larval Lamprey (p. 196). 

The thymus is developed from the epithelitun of the gill-pouches, usually the 
3rd and 4th. In the adult it may take the form of a number of separate gland- 
like bodies lying above the gills, or may be situated in the neck, or even in 
the thorax. The thymus is essentially a lymphoid body and probably not an 
endocrine gland. The endocrine parath3nroids also form by budding from the 
3rd and 4th gill-pouches (Fig. 73). 

The whole intra-abdominal portion of the alimentary canal, as well as the 
liver, pancreas, spleen, and, indeed, all the abdominal viscera, are supported 
by folds of peritoneum, called by the general name of mesentery (Fig. 63, C, 
mes.) and having the usual relation to the parietal and visceral layers of the 
peritoneum. Besides providing support, and allowing an essential degree of 
mobility in contractile {e.g. gut) and other structures, mesenteries provide 
bridges along which blood vascular and nerve connections can reach the viscera. 

Organs of Respiration. — ^Two principal kinds are foimd in Craniata; water- 
breathing organs or gUls, and air-breathing organs or lungs. Both may occur 
in the same species. Gills arise as a series of paired pouches of the pharynx 
which extend outwards, or towards the surface of the body, and finally open 
on the exterior by the gill-slits already noticed. Each gill-pouch thus com- 
municates with the pharynx by an internal and with the outside water by an 
external branchial aperture. It is separated from its predecessor and from its 
successor in the series by stout fibrous partitions, the interhranchial septa. 
The membrane forming the anterior and posterior walls of the pouches is 
raised into a number of horizontal ridges, the branchial filaments, which are 
abundantly supplied with blood coursing through thin-walled capillaries. A 
current of water entering at the mouth passes into the phaiynx, thence by the 
internal gill-slits into the gill-pouches, and finally makes its way out by the 
external gill-slits, bathing the branchial filaments as it goes. The exchange of 
carbon dioxide for oxygen takes place in the blood-vessels of the branchial 
filaments, which are, therefore, the actual organs of external respiration (Fig. 73) . 

As already mentioned, the walls of the phar3mx are supported by the 
visceral arches, which surround it like a series of incomplete hoops, each half- 
arch or visceral bar being embedded in the inner or pharyngeal side of an inter- 
branchial septum. Thus the visceral arches alternate with the gill-pouches, 
each being related to the posterior set of filaments of one pouch and the anterior 
set of the next. In the higher bony fishes (e.g. a trout) the interbranchial septa 
become reduced to narrow bars enclosing the visceral arches, so that a double 
set of free branchial filaments springs from each visceral bar and constitutes 
a sii^e giU. Thus an entire gUl or hdobranch (Fig. 73) is the morpholQgical 
equivalent of two half-gills — hemibranchs or sets of branchial filaments 
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Fig. 73. — Phazimgail fegion: Bxaiichiogenic orsaiuu A, Embryonic. Ventral diagrammatic 
view of original sites and relationships of branchiogenic endocrine (p. 147) and other structures. 
Part of the wall is removed to show the interior of the pharyngeal pouches. B. Adult, selachian. 
Diagram, showing relationship of mouth (lacking valve, cf. C. D below) and spiracle (ist gill 
pouch, see p. 94) and the direction of the respiratory current through the gill-clefts (with 
elongated inter-branchial septa, see Fig. 153, p. 227). C and D. Adult, teleost. The 1st pouch 
becomes a functional gill. Note role of oral valve and opercula in respiration. The oesophageal 
valve is not shown. (Modified from Boyd, et al., and Storcr.) 


belonging to the adjacent sides of two consecutive gill-pouches. On the other 
hand, a gill-pouch is equivalent to the posterior hemibranch of one gill and 
the anterior hemibranch of its immediate successor. 

In some Amphibia (p. 381) water-breathing organs of a different kind are 
found. These are the external gills. They are developed as branched out- 
growths of the body-wall in immediate relation with the gill-bars. ‘Except 
for their point of origin there is little difference between external and internal 
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gills. The tissues entering into their formation are probably the same* 
(Noble). 

Lungs are found almost universally in Craniata from the Dipnoi (lung- 
fishes) (p. 361) upwards. They are developed as a hollow outpushing from the 
ventral wall of the embryonic fore-gut or anterior part of the alimentary 


reip/ratory 

bronchiole 


bronehM, 

artery 


pulmonary. 
vein X 


adjacent 

lobulo 


capillary natarork 
In alveolar wall 


branch of 
pulmonary artary 


alveolar 

duct 


intar^alvaolar 

septum 



atrium 


alveoli 


3 pleural layers 
(with elastic networks) 


Fig. 74.— Renrintory syitem: Portion of a pnlmonazy lolmle in Man. Nerves omitted. (From 
Maximov and Bloom, alter Brans.) 


canal. This passes backwards and upwards^ usually dividing into right and 
left divisions, finally coming to lie in the dorsal region of the coelom. The 
inner surface of the single or double lung thus formed is raised into a more or 
less complex network of ridges and so increases the vascularised surface exposed 
to the action of the air. In the higher forms, the ridges, increasing in number 
and complexity, and uniting with one another across the lumen of the lung, 
convert it into a sponge-like structure. Within, an immense system of terminal 
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bronchioles carry inspired air into the minute pouch-like alveoli, the walls of 
which are invested with capillaries. Here gaseous exchanges occur (Fig, 74). 
The respiratory epithelium is, of course, endodermal. Since (except in birds) 
the lungs are blind sacs, special mechanisms are necessary for renewing the 
air contained in them. These are described in the different animal types (e.g. 

p. 371, cf. p. 587), Auxiliary respiratory 
' ' organs occur in various groups {e.g. pp. 

338.339). 

In many bony fishes, but not in elasmo- 
.— rl. branchs, there occurs, in approximajtely 
position occupied in air-breather 4 by 
the lungs, a structure called the sw»n-, 
air-, or gas-bladder (Fig. 75), This organ 
r . jg often considered to be homologous with 
_ . . the lung, but the structures may, in fact, 

C» 

have evolved independently. The swim- 
ii_ -.»»/ bladder arises in teleosts (p. 293) as an 

\ outgroMdh from the dorsal or lateral walls 

® Miiiit. of the foregut. 

In the lung fishes (p. 361) and the 
Polypteridae (p. 290) the lungs, on the 
a.c. other hand, arise as down-growths from 

pharyngeal floor (p, 371). Both stnic- 

^ ll. tures are innervated by the autonomic 

Fig. 75.— liong and iwim-Uadder in nervous system (p. 119), but their nervous 
Oitaiobtlurat. From left side. ..t, primitive . __ , 

symmetrical arrangement; B, Poiypterus; Connections are dilferent. Ihe lungs are 

S.rTS:^i.£SC“Tr.’,™n'; swW'-i ty ^8** “"d W* P«ln'0»aO- 

tery canal; g. glottis; /./. left lung; r.i. arteries which arise from the last pair of 
right lung. (From Goodrich, after Kerr.) • t j ix au 

^ epibranchial artenes. In the adult, the 
swim-bladder receives its arterial blood from the dorsal aorta. 

The swim-bladder may be either open or closed. In teleosts it is essentially 
a hydrostatic organ (p. 339), but may be adapted, with the development of 
alveoli, to respiratory function in inhabitants of swamp-waters of low oxygen 
content. The swim-bladder can also exist as a pressure register or as an acces- 
sory hearing organ, or as an apparatus of sound-production or resonation (p. 
340). In some species, especially those which live in the ocean depths, the 
swim-bladder may be reduced, or even lost, or sometimes converted to fat- 
storage function. 

Blood-vasenlar System. — This attains a far higher d^ree of complexity than 
in any of the groups previously studied. Its essential features can be under- 
stood from a general description of the circulatory organs of fishes. 

The heart (Figs. 63 and 76) is a muscular organ contained in the pericardial 
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cavity and composed of three chambers, the sinus venosus (s. v.), the atrium 
(au.), and the ventricle (».)• These form a single longitu^nal series. The 


hindmost, the sinus veno- 
sus, opens into the atrium. 
The atrium opens into the 
ventricle. They do not, 
however, lie in a straight 
line, but in a zigzag 
fashion, so that the sinus 
and atrium are dorsal in 
position, the ventricle 
ventral . Usually a fourth 
chamber, the conus arte- 
riosus (c. art.), is added in 
front of the ventricle. 
The various chambers are 
I separated from one an- 
^ other by valvular aper- 
tures, varying between 
groups, which allow blood 
to flow in one direction 
only, viz., from behind for- 
wards — i.e. from sinus to 
atrium, atrium to ventri- 
cle, and ventricle to conus. 
The heart is made of 
cardiac muscle which is 
particularly thick and 
strong in the ventricle. 
It is lined internally by 
endothelium and covered 
externally by the visceral 
layer of the pericardium. 

The myogenic nature 
of the heart-beat was first 
demonstrated in poikilo- 
thermous vertebrates. In 
these the heart-beat origi- 
nates in the sinus venosus 



and spreads through the cardiac tissue to other regions. Admixed with the 
specialised contracting tissue are numerous ganglia and nerve fibres, but the 
actual wave spreads through the muscle. In chelonians a coronary nerve runs 
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in a narrow bridge of cardiac tissue between sinus and ventricle. If this nerve 
is cut, the transmission wave and cardiac rhythmicity is not interfered with. 
If the bridge of cardiac muscle is severed, and the coronary nerve left intact, 
each chamber still contacts, but arhythmically. In Amphibia and reptiles 
the auricular and ventricular musculature is continuous across the auriculo- 
ventricular groove, and no specialised bundle of fibres is necessary to transmit 
the excitation wave. If the cardiac tissue between auricle and ventricle is 
clamped, the ventricular beat is stopped but later it may begin again spon- 
taneously (myogenically). . „■ , 

Springing from the ventricle (or from the conus when that chambeil is 
present) and passing directly forwards in the middle line below the gills, i^ a 
large, thick-walled, elastic blood-vessel, the ventral aorta (Figs. 63, B, and 76 



Fig. 77. — Blood-vascular ssrstem. Course of the circulation in a fish. Vessels containing 
derated blood red, those containing non -aerated blood blue, lymphatics black. B, capillaries of 
the body generally; E, of the alimentary canal; G, of the gills; K, of the kidneys; L, of the liver, 
T, of the tail. a. br, a. afferent branchial arteries; au, atrium; c. a. conus arteriosus; d. ao, 
dorsal aorta; e. br. a. efferent branchial arteries; /i, p. v. hepatic portal vein ; h, v. hepatic vein ; Ic. 
lacteals; ly. lymphatics; pr, cv. v. precaval veins; r. p. v. renal portal veins; s. i». sinus venosus, 
V. ventricle; v. ao. ventral aorta. The arrows show the direction of the current. (After Parker.) 

V. ao.). At its origin, which may be dilated to form a bulbus arteriosus, are 
valves so disposed as to allow of the flow of blood in one direction only, viz. 
from the ventricle into the aorta. It gives off on each side a series of half- 
hoop-like vessels, the afferent branchial arteries (a. br. a.), one to each gill. 
These vessels ramify extensively, and their ultimate branches open into a 
network of capillaries (Fig. 77, G). These have walls formed of a single layer 
of epithelial cells, which permeate the connective-tissue layer of the branchial 
filaments, and have therefore nothing between them and the surrounding 
water but the epithelium of the filaments. The blood, driven by the contrac- 
tions of the heart into the ventral aorta, is pumped into these respiratory capil- 
laries, and there exchanges its superfluous carbon dioxide for oxygen. It 
then passes from the capillaries into another set of vessels which join with 
one another, like the tributaries of a river, into larger and larger trunks, finally 
uniting in each gill, into an efferent branchial artery (e. br. a.). The efferent 
arteries of both sides pass upwards and discharge into a median Icaigitudinal 
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vessel, the dorsal aorta {d. ao.), situated immediately beneath the notodiord or 
vertebral column. From this trunk, or from the efferent branchial arteries, 
numerous vessels, the systemic arteries, are given off to all parts of the body. 
The most important of these are the carotid arteries (Fig. 76, c. a.) to the head, 
the subclavian {sd. a.) to the pectoral fins, the cceliac (d. a.) and mesenteric 
(ms. a.) to the stomach, intestine, liver, spleen, and pancreas, the renal (r. a.) 
to the kidne}^, the spermatic (sp. a.) or ovarian to the gonads, and the iliac 
(il. a.) to the pelvic fins. After giving off the last-named the aorta is continued 
as the caudal artery (cd. a.) to the end of the tail. 

Witlr the exception of the capillaries, all the vessels described in the pre- 
ceding paragraph, including the dorsal and ventral aortx, are arteries. They 
are firm, elastic tubes, which do not collapse when empty and usually contain 
but little blood in the dead animal. They carry the blood from the heart to 
the body generally. 

The systemic arteries branch and branch again into smaller and smaller 
trunks (arterioles) and finally pour their blood into a capillary network (Fig. 77, 
B, K, and T) with which all the tissues of the body, except epithelium and 
cartilage, are permeated. In these systemic capillaries occurs internal or 
tissue respiration. The blood parts with its oxygen and nutrient constituents 
to the tissues, and receives from them the various products of destructive 
metabolism — carbon dioxide, water, and nitrogenous waste. The systemic, 
like the respiratory, capillaries are microscopic, and their walls are formed of 
a single layer of epithelial cells. 

We saw that the respiratory capillaries are in connection with two sets of 
vessels, afferent and efferent. The same applies to the systemic capillaries, 
with the important difference that their efferent vessels are not arteries, but 
thin- walled, non-elastic, oallapsible tubes or venules. These receive the de- 
oxygenated blood from the capillaries, and unite into larger and larger trunks, 
the veins, which finally open into one or other of the great veins, presently to 
be described, by which the blood is returned to the heart. As a general rule 
the vein of any part of the body runs parallel to its artery, from which it is at 
once distinguished by its wider calibre, by its dark colour (due to the contained 
bluish-purple blood seen through its thin walls), by being goi^ed with blood 
after death, by the complete collapse of its walls when empty, and by its 
possession of valves. In some cases the veins become dilated into spacious 
cavities called sinuses ; but sinuses without proper walls (such as occur in 
many of the Invertebrata) are never found in the Craniata except in individual 
organs (liver and spleen). The veins from the head join to form lai^e, paired 
anterior cardinal (jugular) veins (Fig. 76, j. v.) which pass backwards, one on 
each side of the head, and are joined by the prominent posterior cardinal veins 
(crd. V.) coming from the trunk. Each jugular unites with the correspemding 
carding to form a large precaval vein (Ductus Cuvieri) (pr. cv. v.) which passes 
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directly downwards and enters the sinus venosus. The hlood from the tail 
returns by a caudal vein {cd. v.). lying immediately below the caudal artery in 
the haemal canal of the caudal vertebrae (Fig. 63, D). On reaching the coelom 
the caudal vein forks horizontally, and the two branches either become 
directly continuous with the cardinals or pass one to each kidney under the 
name of the renal portal veins (Fig. 76. r. p. v.). In the kidneys they break up 
into capillaries (Fig. 77, K), their blood mingling with that brought by the 
renal arteries and being finally discharged into the cardinals by the renal veins 
(Fig. 76, r. V.). Thus the blood from the tail may either return directly to the 
heart or may go by way of the capillaries of the kidneys. In the latter ctfse 
there is said to be a renal portal system, the essential characteristic of whichUs 
that the kidney has a double blood-supply, one of oxygenated blood from the 
renal artery, and one of deoxygenated blood from the renal portal vein. In 
other words, it has two afferent vessels, an artery and a vein, and the latter is 
further distinguished by the fact that it both begins and ends in capillaries 
instead of beginning in capillaries and ending in a vein of higher order. 

The blood from the gonads is returned to the cardinals by veins called 
spermatic {sp. v.) in the male, ovarian in the female. That from the paired fins 
takes, in what appears to be the most typical case, a somewhat curious course. 
On each side of the body there is a lateral vein (lot. v.), running in the body-wall 
and following the course of the embryonic ridge between the pectoral and 
pelvic fins. It receives, anteriorly, a subclavian vein {scl. v.) from the pectoral 
fin, and posteriorly an iliac vein {il. v.) from the pelvic fin, and in front pours its 
blood into the precaval. 

The veins from the stomach, intestine, spleen, and pancreas join to form 
a large hepatic portal vein (h. p. v.), which passes to the liver and there breaks 
up into capillaries. The portal system among other functions conveys ingested 
food substances from the intestine to the liver. Thus the liver has a double 
blood-supply, receiving oxygenated blood by the hepatic artery (A. a.), a branch 
of the cceliac, and deoxygenated but food-laden blood by the hepatic portal 
vein (Fig. 77, L). In this way we have a hepatic portal system resembling the 
renal portal S5^tem, both in the double blood-supply and in the fact that the 
afferent vein terminates, as it originates, in capillaries. After circulating 
through the liver the blood is poured, by hepatic veins (A. v.), into the sinus 
venosus. The hepatic portal system, unlike the renal portal S3rstem, is of 
universal occurrence in the Craniata. 

In the embryo there is a sub-intestinal vein, corresponding with that of 
Amphioxus, and lying beneath the intestine and the post-anad gut. Its 
posterior portion becomes the caudal vein of the adult, its anterior portion one 
of the factors of the hepatic portal vein. 

To sum up : The circulatory organs of the branchiate Craniata consist of 
(a) a muscular force-pump, the heart, provided urith valves and driving the 
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blood into (b) a set of thick-walled elastic, afferent vessels, the arteries and 
arterioles, from which it passes into (c) a network of microscopic vessels or 



appearance of the lungs, however, a very profound change occurs in the Uood- 
system. The last aortic arch of each side now gives off a pulmonary artery 
(Fig. 79, Ap.) to the corresponding lung, and the blood, after circulating through 
the lung capillaries, is returned by a pulmonary vein {Ir.) directly into the left 
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side of the heart and not into an ordinary system vein of higher order. In the 
atrium a vertical partition is developed, separating a left auricle {A^), which 
receives the oxygenated blood from the lungs, from a right auricle {A), into 
which is poured the deoxygenated blood of the sinus venosus. In crocodiles, 
birds, and mammals {B) a further important cardiac specialisation is found : 
the ventricle also becomes divided into right and left chambers. So we get a 
four-chambered heart with right and left auricles and right and left ventricles. 
At the same time the conus arteriosus and sinus venosus cease to exist as dis- 
tinct chambers. The left auricle receives oxygenated blood from the lungs Md 
passes it into the left ventricle, whence it is propelled through the S3rstem. 
right auricle receives deoxygenated blood from the system, and passes it into 
the right ventricle to be pumped into the limgs for aeration. Thus the four- 

chambered heart of the higher verte- 
brates is quite different from that of 
a fish. In the latter the four cham- 
bers — sinus venosus, atrium, ven- 
tricle, and conus arteriosus — form a 
single longitudinal series, whereas in 
a mammal, for instance, the four 
chambers constitute practically a 
double heart, there being no direct 
communication between the auricle 
and ventricle of the right side, or re- 
spiratory heart, and those of the left 
side, or systemic heart. The modifica- 
tions undergone by the arteries and 
veins in the higher Vertebrata will be 
considered under the various classes. 

It has been generally believed that the complete division of the heart of 
birds and mammals into arterial and venous components has evolved indepen- 
dently, but recent studies bring this point into debate. It is not impossible 
that the inter-ventricular septum may have arisen when the tetrapod ancestors 
were still fishes and been secondarily lost in recent Amphibia. In the Dipnoi 
(P- 361), a specialised group far from the main line of vertebrate descent, the 
heart is almost completely divided. Although it is impos^ble to derive the 
modem tetrapod condition from that of the Dipnoi, it may be reasonable to 
suppose that the interventricular partition is homologous in both lung-fishes 
and tetrapods. If this is true, the original divided condition must have been 
present in early amphibians, replaced by a secondary septum in the sauris- 
chian reptiles (which gave rise to the birds), and seemingly retained in the 
therapsids (and so became the interventricular septum in the Blammalia) 
(Foxon), 


B 



Fig. 79. — ^Blood-Tueulsr srstem: Cudiu 
diculatioa. A, an amplubian: B, a crocodile. 

A . right auricle \ A^. left auricle ; A p. pulmonary 
artery; Ir. pulmonary vein ; RA. aortic arches; 
V. ventricle; V^. left ventricle; v, v. and Vr, 
Ve. pre- and post-cavals. (After Wiedersheim.) 
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In addition to the circulations through the respiratory and S3^temic 
hearts (called sometimes the lesser and greater circulations) there is a circulation 
within the heart itself. This is the coronary circulation by which the cardiac 
tissues are nourished and supplied with oxygen and their excretory products 
removed. With the exception of the amphibians, the coronary circulation 
consists of blood vessels which ramify throughout the walls of the heart 
chambers. The venotis blood draining from the heart tissues is collected and 
returned to the right atrium by the coronary sinus. 

The coronary circulation in the amphibians is much reduced and supplies 
only the conus arteriosus; the thin-walled ventricle is nourished by blood 
passing through into the general circulation. 

The blood of Craniata is almost alwa}^ red (c/.. however, p. 343). The red 
respiratory pigment (hantoglobin) is not dissolved in the plasma, as in most 
red-blooded invertebrates, but is confined to erythrocytes (red blood-corpuscles) 
(p. 70), which float in the plasma. These are usually flat oval discs, the 
centre bulged out by a large nucleus (n».). but in mamnuds they are bi- 
concave non-nucleated, and usually circular. The number and size of red 
cells vary among animals in regard to altitude and oxygen pressure. Leucocytes 
(white cells) of various kinds also occur (p. 71). The colour of the blood 
varies with the amount of oxygen taken up by the haemoglobin. When 
thoroughly aerated it is of a bright scarlet colour, but assmnes a bluish-purple 
hue after deoxygenation. Oxygenated blood is usually found in arteries, and 
is often spoken of ais arterial blood. Deoxygenated, darker blood is usually 
found in veins and is called venous. But it must not be forgotten that an artery, 
e.g. the ventral aorta or the pulmonary artery, may contain venous blood, 
and a vein, e.g. the pulmonary vein, arterial blood. The distinction between 
the two classes of vessels does not depend upon their contents, but upon their 
relation to the heart and the capillaries and upon the structure of their walls 
(pp. 78, 107). 

In addition to the blood-vessels the circulatory s)^tem of Craniata contains 
lymph-ves^ds or lymphaflcs (Fig. 77, ly.). In most tissues (Fig. 80) there is a 
l)nnphatic network of lymph-capiUaries, interwoven with, but independent of, 
the blood-capillaries. From this network lymphatic vessels pass ofi, and finally 
discharge their contents into one or other of the veins. Many of the lower 
Craniata possess spacious lymph-sinuses surrounding the blood-vessels ; and 
there are communications between the l3nnphatics and the coelom by means 
of minute apertures or stomata. The l)unphatics contain lymph, which is 
essentially blood mintts its red cells and most of the plasma proteins. Lymph 
drains from the tissues: it passes into the lymph capillaries, and thence into 
the lymphatics. These are efferent vessels, convejdng the fluid frmn the 
capillaries to the venous system. 

The lymphatic nodes or glands which occur in the course of the vessds 
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contain phagocytic cells, and also add lymphocytes to the lymph whence they 
enter the blood stream. The lymphatics contain valves which prevent back- 
flow of lymph towards the veins when the vessels are compressed by the 
surrounding tissues, such as muscle. In some groups there are muscular 
dilations in some of the lymphatics. These lymph-hearts contract rhythmically 
and actually propel the lymph forwards towards the venous system. The 



Fxg. 8o.-<~Giioiilatory system: Relationslup of Uood and lymph oapillafies below epidennis of 

mammal. Blood and its contents flow in at the arterial end of the capillary {b, cap, (a.)), and leave 
at the venous end (6. cap. (v.)). Arrows indicate fluid exchanges between a blood capillary, the 
surrounding tissues, and an adjacent lymph capillary (ly, cap.). Other structures are: d. (p). 
dermis (papillary layer; below, and not shown, is the reticular layer); s. c. stratum corneum: 
s. g. stratum granulosum; s. M. stratum Malpighii. (Modified after Ham.) 

lymphatics of the intestine have an important function in the absorption of 
emulsified fats, and are known as lactecUs. 

Nervous System. — ^The nervous system attains in the higher vertebrates a 
structural complexity and functional importance which are probably without 
parallel in the animal kingdom. It is a system specialised to co-ordinate the 
activities of the animal in relation to changes in the internal and external 
environment, such activities including not only the contraction of muscles which 
may result in overt movement, but also processes in the cardio-vascular, 
respiratory, digestive, and other systems which are classified as visceral. In 
its most general sense its function may be said to be that of maintai ning a con- 
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dition of equilibrium not only between the inb'mal organs, tissues, and fluids 
of the body, but also between the body as a whole and its external environment. 

To perform these functions the nervous system is equipped with afferent 
or sensory connections which carry information in the form of nervous impulses 
from organs which are sensitive to external events [exteroceptive organs such 
as the eyes and ears) or to internal events such as changes of tension in muscles, 
ligaments, and in the walls of viscera, or of the chemical composition of the body- 
fluids. Nerves capable of responding to these internal events are classified as 
interoceptive, and include proprioceptors signalling internal body movements 
and visceroceptors registering mechanical changes in viscera and blood-vessels. 
Receptor organs, whether extern- or intero-ceptive, vary in relation to special 
needs. For example, the eyes of nocturnal animals are often larger than those 
of related diurnal species, since there is a need for greater light-gathering power. 
Again, those of hunting animals usually look forward (as in the cat), whereas 
those of hunted animals [e.g. the mouse) look laterally, and thus provide a 
wider field of vision. 

As a complement to the afferent connections, efferent or motor connections 
are also present by which effector organs such as muscles and glands can be 
stimulated to perform their characteristic function. In addition, some 
mechanism is necessary in all more complex animals, by which the information 
derived from varied receptor organs can be integrated, and by which the 
activity of the effector organs can be co-ordinated, so as to result in behaviour 
which is appropriate to the situation which the receptors have revealed. 

One other general characteristic of the nervous system must be mentioned. 
All living tissue is altered to some extent, cither temporarily or permanently, 
by activities which occur Mvithin it. In nervous tissue such alterations are 
particularly important, especially in the higher vertebrates, where they con- 
stitute the ph3rsical basis of the process of adaptation so far as behaviour is 
concerned, or, more simply, the ph3r5ical basis of learning. The nervous S3^tem 
may be altered by stimuli which pass through it, so that on a subsequent occa- 
sion it does not react in exactly the same way to similar, or even identical 
stimuli. At present one can only speculate concerning the physical nature of 
the change which has occurred, but that a change is there, is shown by the 
altered reaction obtained. This power of change, the plasticity of nervous 
tissue, is particularly characteristic of certain parts of the nervous system in 
the higher vertebrates. 

Anatomically the nervous system can be divided into central and peripheral 
parts (Figs. 81, 82). The peripheral nervous system consists mainly of afferent 
and efferent nerve-fibres, gathered together in nerves which conduct to and from 
the central nervous system in which the integrating and co-ordinating mechanisms 
are situated. The latter is formed, of course, by the brain and spinal cord. 
Nerve-fibres are processes (axons) of nerve-cells which in the case of the affermt 
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fibres are situated in small swellings or ganglia on the nerves close to the point 
where they join the central nervous system (Fig. 83). The cells whose 
processes form the efferent or motor nerves are situated within the central 
nervous system, but there is an important exception to this statement. Viscera 
such as the heart, blood-vessels, intestine, etc., and glands, receive their motor 



Viscera 


Fig. 83.— Herrmu cntam: Bel at ion i hi p of the nrnvafhetio nntem to ilia ipiaal notvoi and 
OOtd. The main visceral fibres Me shown on the right side and, for contrast, the somatic fibres on 
the left. Afferent fibres are indicated by interrupted lines and efferent fibres by continuous lines. 
(From Le Gros Clark, after Cunningham.) 

or efferent innervation from a part of the peripheral nervous system which is 
called autonomic, and which consists of two divisions, the S 3 anpathetic and para- 
sympathetic (see below). The fibres which connect with the muscle of a viscus, 
or the secretory epitheUum of a gland, are the processes of cells situated in 
ganglia outside the central nervous S3?stem. On each side of the vertebral 
column there is a series of such ganglia, two for each segment of the body (Fig. 
83). These are known as the ganglia of the sympathetic subdivision of the 
autonomic nervous S5retem, and they are linked longitudinally to form the two 
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S3mipathetic chains of gang^. Although these ganglia may possess some 
degree of autonomy, they are controlled by the central nervous system through 
preganglionic fibres, which in mammals arise from cells in the thoracic part of 
the spinal cord. 

It will be seen therefore that the S3rmpathetic innervation of a viscus is 
effected through two nerve-fibres, the one preganglionic, originating in the 
central nervous system, the other postganglionic, originating in a ganglion 
and ending in the viscus. It follows that the impulse carried by the pre- 
ganglionic fibre must be passed on to the postganglionic fibre through a 
synaptic junction in the ganglion. Since preganglionic fibres branch and 



Fig. S^. -Nenrons System: A mednllated fibn tenninating at its motor end-plate on a striated 
miuele. m, myelin sheath: n, neurilemma; s. n. nucleus of Schwann cell; sa, sarcolemma. 
(From Lo Gros Clark, after Csutmann and Young.) 


ramify widely, many postganglionic fibres may receive impulses from one 
preganglionic, so that a widespread response may be obtained from a single 
impulse. This form of innervation is in sharp contrast to that of skeletal 
muscle, where only one nerve-fibre arising within the central nervous s}^tem 
is involved and where the response is limited to the particular part of a muscle 
connected to that fibre (Fig, 84). 

In addition to the sympathetic chain of ganglia, small and often micro- 
scopic collections of nerve-cells are found irregularly scattered anterior to the 
dorsal aorta and in the walls of such viscera as the heart and intestine. These 
are known as parasympathetic ganglia. The fibres which arise from them also 
innervate viscera, but their action is usually antagonistic to that of the S5nn- 
pathetic system ; for example, when stimulation of the sympathetic fibre leads 
to contraction, stimulation of the paras3mipathetic causes relaxation. .The 
paras3anpathetic ganglia are also connected to the central nervous S3^tem by 
preganglionic fibres which travel in cranial or sacral nerves from the brain and 
spinal cord respectively. 

The nerves suppl3dng viscera, both afferent and efferent, with their ganglia, 
are often referred to as the visceral nervous system, and are distinguished from 
the afferent and efferent nerves which supply skin and skeletal musde which are 
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called somatic. The distinction between somatic and visceral is not alwa3:s 
clear-cut and there are several nerves whose classification in these terms is 
uncertain or controversial. This applies particularly to the afferent nerves. 
On the efferent side, the presence of a peripheral synaptic junction in a sym- 
pathetic or parasympathetic ganglion is a criterion for distinguishing the 
visceral from the somatic type of innervation, although it is not applicable in 
quite every case. As will be seen, the terms visceral and somatic are also 
applied within the central nervous system to regions which have predominant 
connections with these subdivisions of the peripheral system ; but again, 
attempts to place all parts of the central nervous system in one category or the 
other have not been entirely satisfactory. 

The nervous system of all Chordata first appears as a groove in a strip of 
thickened ectoderm on the dorsal aspect of the embryo. The groove deepens, 
its lips fuse, and it separates from the surface as a dorsal longitudinal neural 
tube, the cavity of which is called a neuroccele. So far the agreement of the 
Craniata with the lower Chordata is complete, but a fundamental advance is 
seen in the fact that at a very early stage the anterior end of the neural tube 
undergoes a marked dilatation and forms the rudiment of the brain, the rest 
becoming the spinal cord (Fig. 8i). Very soon constrictions appear in the 
dilated part and divide it into three bulb-like swellings or vesicles, the fore- 
brain, mid-brain, and hind-brain, the latter continuous with the spinal cord. 
Functionally there appears to be a primary relationship of the fore-brain 
with olfaction, the mid-brain with vision, and the hind-brain with the auditory 
and vestibular apparatus, and also, in aquatic vertebrates, with the sensory 
inflow from the lateral line organs (p. 135). It is probable that the develop- 
ment of special sense organs at the cranial end of the animal is causally related 
to the formation of the three vesicles of the brain in this situation. 

Structurally the spinal cord is the least differentiated part of the central 
nervous system. It remains as a longitudinal tube, but the walls thicken greatly 
and the neuroccele is reduced to a narrow central canal lined by columnar 
ciliated epithelium or ependyma. In the thickened walls nerve-cells and a spe- 
cial variety of supporting cells known as neuroglia develop. The latter, mainly 
of ectodermal origin, perform many of the functions of mesodermal connective 
tissues in other parts of the body. 

The nerve-cells or neurones consist of a cell body containing the nucleus 
and bearing numerous fine branching processes or dendrites. There is in 
addition a single process, the axon, which usually gives off only a few branches 
and often travels for a considerable distance from the cell body. The axons 
that are covered by a lipoid sheath of myelin are said to be myelinated or 
medullated (Fig. 84). Somatic and preganglionic visceral axons are generally 
meduUated, whereas post-ganglionic visceral axons are not. 

Nervous impulses are received on the dendrites or on the surface of the cell 
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body. Normally conduction in neurones occurs only in one direction, i.e. from 
the dendrites to the cell body, and then away from the cell body along the axon. 
Neurones are thus said to exhibit polarity. The axon loses its sheath and 
becomes naked just before its termination, so that the impulse which it carries 
can be passed through a synapse to the dendrite or cell body of another neurone, 
or through a specialised end-plate to a muscle-fibre (Fig. 84). It is dear that 
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many ^ons (such as those which pass from the spinal cord to musdes in the 
feet) must be of very great length in some animals. 

When the spinal cord is cut transversely it can be seen with the naked eye 
to consist of grey matter which is sitriated around the central canal and has a 
A or H shape in section, the whole of the superfidal part of the cord consisting 
of white matter (Fig. 85). The grey matter contains cell bodies, dendrites, and the 
terminations of the axons which are making connections with them, and, of 
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course, the beginnings of the axons arising from the cell bodies. The latter 
enter the white matter, which is formed of axons running for varying distances 
cranially or caudally as the tracts of the spinal cord. Its whiteness is due to the 
myelination of these axons. It is clear that the grey matter is the tissue in 
which interconnections between neurones occur and enable the functions of 
integration and co-ordination to be carried out. The white matter consists of 
conducting pathways between different segments of the spinal cord and between 
the spinal cord and the brain. 

The spinal nerves are the only means by which the spinal cord is connected 
to the receptor and effector organs of the periphery. There is one on each side 
in each segment of the body, often referred to as a ‘mixed spinal nerve’, since 
it contains both afferent and efferent fibres. Each nerve divides as it enters 
the canal in the vertebral column into two roots, dorsal and ventral. The 
dorsal root carries all the afferent fibres and has on it the ganglion previously 
referred to : its fibres enter the dorsal horn of grey matter in the cord. The 
ventral root consists of efferent fibres which are the axons of cells in the ventral 
horn of grey matter. In the most primitive living vertebrates (lampreys) 
(p. 176) the roots do not join. The afferent and efferent fibres run indej^n- 
dently to their destinations, and mixed spinal nerves are not formed. 

It is customary to classify nerve-fibres as somatic and visceral according to 
the structures they supply. The efferent or motor-fibres supplying the striated 
muscle developed from somites are classified as somatic motor, and the S3nnpathe- 
tic and parasympathetic pre- and post-ganglionic fibres through which the 
smooth muscle and glands of viscera are supplied as visceral motor. The 
afferent fibres are similarly classified : 'somatic sensory’ fibres are those supply- 
ing the skin and sense organs on the surface of the body and all structures 
developed from somites ; ‘visceral sensory’ fibres supply viscera, i.e. structures 
developed from lateral plate mesoderm and from endoderm. It must be 
admitted, however, that in the case of the afferent fibres this classification is 
not entirely satisfactory. There are many afferent nerves where some justifica- 
tion could be found for placing them in either category. 

In all the higher vertebrates visceral motor-fibres leave the spinal cord in 
the ventral roots of the spinal nerves with the somatic motor-fibres. In 
cyclostomes and in some fish they are found also, and perhaps entirely in some 
cases, in the dorsal roots, which do not therefore consist only of afferent 
fibres in these animals. The functional categories ‘ somatic sensory ’, ‘ visceral 
motor’, etc., in which nerve-fibres can be classified are usually referred to as 
the componerUs of the nerve. A mixed spinal nerve will formally contain 
representatives of (dl the four componerUs so far metUioned. 

Cranially the spinal cord is continuous with the most caudal of the three 
cerebral vesicles, the hind-brain. The part directly continuous with the spinal 
cord is the medulla oblongata or myelencephalon. Here the side walls of the 
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neural tube thicken and fold outwards to form the floor of an enlarged part of 
the central canal called the 4th ventricle of the brain. Towards the cranial 
end the hind-brain narrows as it joins the mid-brain at the isthmus, and 
becomes flexed so as to show a ventral convexity. This cranial end of the 
hind-brain is sometimes distinguished as the metencephalon, and it is in this 
region that the cerebellum develops in all vertebrates (Fig. 81). 

The same grey and white matter is found in the hind-brain as was seen in 
the spinal cord. In the former, however, the grey matter is broken up into 
more or less discrete masses forming the nuclei of cranial nerves, etc., while the 
white matter consists chiefly of ascending and descending tracts connecting 
different parts of the brain with the spinal cord. It is joined by a series of 
nerves which supply the mouth, pharynx, and branchial arches. Since the 
last-named are respiratory in function, and the heart and arterial arches are 
closely related to them both anatomically and functionally, the principal 
centres controlling cardio-vascular and respiratory functions are found in the 
hind-brain. This applies to air-breathing as well as aquatic vertebrates, since 
lungs are also derivatives of the pharynx (p. 107) and the heart always develops 
first below the floor of the pharynx, though subsequently it may be displaced 
caudally into a thorax. 

In addition to the branchial arch nerves, the hind-brain receives the sensory 
inflow from the inner ear (vestibular, from the semicircular canals, and auditory) 
and in aquatic vertebrates from the lateral line system. These sensory systems 
will be described more fully later. Here it is necessary to say only that, apart 
from audition, they are mainly concerned with the orientation of the body in 
space, i.e. with equilibration. Important centres are therefore found in the 
hind-brain for the control of position and posture, and it is from these that 
the cerebellum, largely concerned in similar functions, develops. 

The form of the cerebellum varies greatly in different vertebrates. In its 
simplest form {e.g. in living Agnatha and Amphibia) it consists of a thin band 
of nervous tissue which bridges over the 4th ventricle at the cranial end of the 
hind-brain (metencephalon), and most of its grey matter is spread superficially 
to form a cortex. In fishes, birds, and mammals it is a much larger and more 
conspicuous structure. The roof of the caudal part of the 4th ventricle 
remains as a thin and non-nervous layer from which a secretory apparatus 
called a choroid plexus develops. This secretes a watery fluid (very like physio- 
logical saline) into the cavity of the ventricle {cerebrospinal jluid). 

The mid-brain (mesencephalon), immediately cranial to the hind-brain, is 
less extensively modified from the form of the original neural tube. It becomes 
bent (the mid-brain flexure) so as to present a dorsal convexity which is known as 
its roof or tectum. Here bilateral swellings (into which fibres of the optic 
nerves grow) are found in all vertebrates. These are the optic lobes. Two 
additinnal swellings are present in mammals which receive fibres from the 
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auditory centres of the hind-brain. The only motor nerve nuclei in the mid- 
brain are those which control the movements of the eyeball, the size of the pupil, 
and the mechanism of accommodation. These are situated more ventrally in 
the tegmentum, and, ventral to them, are found bundles of fibres (particularly 
well developed in mammals) which connect the fore-brain with lower levels 
of the nervous system; these are the crura cerebri. The neuroccele of the 
mid-brain generally remains small as the aqueduct coimecting the 4th ventricle 
of the hind-brain with the ventricles of the fore-brain; in some forms it 
extends into the optic lobes as optic ventricles. 

The hind-brain and mid-brain together constitute the brain-sUm, which, 
in spite of variations due to differences in the form of the cerebellum and a 
number of associated structures, preserves a very stable pattern throughout 
the vertebrate class. It can be thought of as a continuation cranially of the 
spinal cord, modified by such factors as the inflow of optic and auditory im- 
pulses, and the development of special motor mechanisms not present in the 
spinal cord. The nerves attached to the brain-stem, with the exception of the 
optic nerve, are in many respects comparable with segmental spinal nerves. 

The fore-brain, at the cranial end of the neural tube, is more varied in form 
and also fundamentally different in structure from the spinal cord. It receives 
impulses directly only from the olfactory nerves and the small nervus ter- 
minalis, neither of which is comparable with a spinal nerve. It lies entirely 
cranial to the notochord and has been called the archencephalon, in contrast to 
the deuter encephalon, which lies dorsal to the notochord and includes both 
brain-stem and spinal cord. At a very early period of development the archen- 
cephalon becomes bent ventrally over the end of the notochord. This is the 
primary cerebral flexure and, though permanent, it soon becomes obscured by 
other changes in this region and is not noticeable in the adult. These two 
regions, archencephalon and deuterencephalon, show not only fundamental 
differences in adult structure and in their relationship to the notochord, but 
important embryological differences as well. 

The most cranial part of the fore-brain becomes differentiated as the tden- 
cephalon or end-brain vesicle, characterised by its connection on either side 
with the bilateral olfactory apparatus. The caudal part, between the telen- 
cephalon and the mid-brain, is the diencephalon. The telencephalon possesses 
thick walls and a thin roof and floor. Its walls are joined by the olfactory 
nerves in regions differentiated as the olfactory bulbs which, in many vertebrates, 
are drawn out to become pedunculated (the olfactory peduncles). Peduncles and 
bulbs are hollow, containing a prolongation of the netirocoele of the telen- 
cephalon. In nearly all vertebrates the lateral walls of the telencephalon also 
bulge outwards and forwards to form the bilateral cerebral hemispheres. These 
contain a cavity, the lateral ventricle, which remains in connection with the 
cranial end of the neuroccele through an interventricular foramen on either side. 
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This evagination of the cerebral hemispheres is very incomplete in cydo- 
stomes (p. 175) and most fishes. In some of the latter, especially teleosts 
(p. 239), the evagination of the hemisphere is accompanied by a marked 
eversion of the dorsal part of the lateral wall which grows downwards and 
becomes combined with the ventral part of this wall to form a massive collec- 
tion of nervous tissue in many wa37s comparable with the basal ganglia in the 
hemispheres of tetrapods. The whole structure is covered by a thin non- 
nervous membrane which is the stretched roof of the telencephalon. 

In lung-fishes (p. 361) and in tetrapods the evagination of the hemispheres 
is much more complete, and no eversion takes place. The dorsal part of the 
hemispheres remains comparatively thin as the pallium, the region in which the 
cerebral cortex of reptiles (p. 478), birds (p. 592), and mammals (p. 678) will 
develop ; the ventral part becomes massive as the basal ganglia. It should be 
pointed out that in primitive vertebrates (cyclostomes, fishes, amphibia) the 
whole hemisphere is dominated by connections from the olfactory bulbs, and 
is sometimes referred to as an olfactory lobe ; in some reptiles and mammals 
and in all birds, olfactory dominance becomes much reduced. 

A small part of the telencephalon remains unaffected by the evagination of 
the hemisphere and median in position. It is bounded cranially by the lamina 
terminalis, which marks the morphological cranial end of the brain. Its cavity 
is continuous caudally with that of the diencephalon, so that a median or third 
ventricle is formed. This third ventricle communicates laterally on each side 
through the interventricular foramina {of Monro) with the lateral ventricles 
of the hemispheres, and caudally through the aqueduct of the mid-brain with 
the fourth ventricle of the hind-brain. 

As already stated, the diencephalon is a median part of the neural tube 
between the telencephalon cranially and the mid-brain caudally. Masses of 
nerve-cells develop in its walls, which form the thalami (right and left). These 
serve largely as relay stations in the course of ascending tracts conveying sen- 
sory impulses from the brain-stem and spinal cord to the hemispheres. 

These sensory impulses are mainly exteroceptive from the surface of the 
body and proprioceptive from muscles, ligaments, etc., so that the thalamus 
has been classed as a somatic sensory centre. It is also connected, however, 
with a well-developed mass of nervous tissue in the floor of the diencephalon, 
the hypothalamus, which is concerned with the integration of various visceral 
and metabolic activities. A funnel-shaped diverticulum, the infundibulum, 
grows ventrally from the hypothalamus and comes into relationship with an 
upgrowth from the roof of the embrj^onic mouth cavity or stomodaeum. From 
these two outgrowths the anterior and posterior lobes of an important endo- 
crine gland, the pituitary or hypophysis, are formed (Fig, 81). This is always 
situated immediately cranial to the notochord between the trabeculae of the 
chondrocranium, and retains throughout life its relationship, which is functional 
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as well as developmental, with the hypothalamus. In both bony and carti- 
laginous fishes a further outgrowth from the infundibulum forms the saccus 
vasculosus, a structure of uncertain function, but possibly sensitive to pressure 
transmitted from an aquatic environment. 

The roof of the diencephalon remains thin and a choroid plexus, similar in 
structure and function to that of the 4th ventricle, develops in it. Cranially, 
where it extends into the telencephalon, it forms a saccular outgrowth, the 
paraphysis ; caudally, just before the mid-brain is reached, the pineal apparatus 
develops. This is represented in mammals by the pineal organ, which appears 
to be vestigial and possibly functionless. In some vertebrates, e.g. cyclo- 
stomes, and many reptiles, two outgrowths are formed in this region {pineal 
and parapineal), one or both of which may be sensitive to light and show many 
of the structural features of an eye (see pp. 189, 345). 

The brain of vertebrates is enclosed in the cranial cavity of the skull 
(neurocraninm) and the spinal cord in the canal formed between the neural 
arches and centra of the vertebrae. The whole cerebrospinal cavity is lined 
by a tough fibrous membrane, the dura mater. The connective tissue between 
the dura mater and the nervous system differentiates into two much thinner 
membranes, the outer arachnoid and the inner pia mater, which is everywhere 
closely applied to the nervous tissue. Between them is the subarachnoid space 
filled with cerebrospinal fluid secreted by the choroid plexuses ; this forms a 
protective fluid cushion ^around the brain and spinal cord. Further, by its 
continuous secretion and resorption into the blood-stream it helps to remove 
metabolites from the nervous tissue. The dura mater, arachnoid, and pia mater 
are referred to as the meninges or membranes of the nervous system. 

The cranial nerves of vertebrates are numbered I to XII, but this mode of 
designation dates from a period when little was known in detail of the morpho- 
logy and functions of the nerves in question. The nervus terminalis, which was 
discovered later, is not included in the series. There is no doubt that in the 
light of modem knowledge a more satisfactory classification could be devised. 
The old system is based only on superficial topographical knowledge of the 
human and mammalian brain and naturally leads to difficulties when applied 
to vertebrates as a whole. It is still, however, the system in common use, and 
is employed as a basis for the description which follows. 

It has already been noted that most of the cranial nerves are comparable 
with spinal nerves, or, more accurately, with the roots of spinal nerves, and 
show evidence of a similar segmental arrangement. This does not apply to 
three of them, the nervus terminalis, the olfactory (1st), and the optic (Ilnd). 
These must be described individually (Fig. 86). 

The nervus terminalis is a minute nerve distributed to the mucous membrane 
of the nasal sac ; a few nerve-cells are scattered along its course and it joins 
the fore-brain near the ventral end of the lamina terminalis. It may contain a 
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few sensory fibreSi cind possibly 3.utonoinic efferent fibres to blood-vessels, but 
little is known of its functions. 

The 1 st (olfactory) nerve consists of a number of JUa olfactoria which run 
from the olfactory receptors of the nasal sac to the olfactory bulbs of the telence- 
phalon. Though an afferent nerve, it possesses no ganglion. Its fibres are 
the processes of the receptor cells. In these respects it is unique among all the 
nerves of the vertebrate body. In many air-breathing vertebrates, notably the 
Reptilia, a specialised organ, containing receptors of the olfactory type, is 
found in the naso-buccal region. This is the vomeronasal organ or organ of 
Jacobson. It is innervated by a special branch of the olfactory nerve (pp. 137, 
481). 

The Ilnd (optic) nerve runs from the retina of the eye back to the brain. 
The retina is part of the optic vesicle, which, at an early embryonic stage, 
developed as an outgrowth from the diencephalic part of the neural tube. 
Morphologically it is therefore a part of the brain, and the ' nerve ' which grows 
from it is comparable with a tract in the central nervous system rather than 
with a peripheral nerve. Although the optic vesicle is a derivative of the fore- 
brain the optic nerve, after decussating in a chiasma, grows into the tectum of 
the mid-brain in all vertebrates below the Mammalia. In mammeds the decus- 
sation is incomplete and the majority of fibres enter a part of the thalamus 
called the lateral geniculate body. 

The remaining cranial nerves faU into two groups : (i) somatic motor nerves, 
in general comparable with the ventral roots of spinal nerves, and (2) branchial 
arch nerves, comparable with the dorsal roots. 

Somatic Motor Nerves. These are nerves which supply striated muscle 
developed from somites : the Illrd (oculomotor), IVth (trochlear), Vlth 
(abducens), and Xllth (hypoglossal). The Illrd and IVth nerves arise from 
the mid-brain and the Vlth from the cranial end of the hind-brain. All three 
supply muscles which move the eyeball ; and the Illrd also contains fibres which 
supply smooth muscle within the eyeball {e.g. the constrictor muscle of the 
pupil). The Illrd nerve is therefore said to possess a visceral motor in addition 
to its somatic motor component. The IVth (trochlear) nerve is exceptional, 
since it is the only cranial nerve to emerge from the dorsal aspect of the brain- 
stem. The Xllth (hypoglossal) nerve arises from the ventral surface of the 
medulla and supplies the hypobranchial musculature, including the muscles 
of the tongue. It probably represents the ventral roots of several nerves, since 
the muscles supplied are developed from several somites. A hypoglossal 
nerve cannot be recognised as a cranial nerve in cyclostomes and other primi- 
tive vertebrates, where it is probably represented by the ventral roots of the 
most cranial spinal nerves. 

Branchial arch nerves. This group contains the Vth (trigeminal), Vllth 
(facial), IXth (glossopharyngeal). Xth (vagus), and Xlth (signal accessory) 
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nerves. The spinal accessory is not recognised as a separate nerve below the 
tetrapods, but is represented by a part of the vagus. The Vlllth (vesti- 
bular and auditory) nerve and the lateral line nerves will also be described 
with the branchial arch nerves, since they are closely associated with them. 
Their position is somewhat equivocal, for they have no functional relationship 
to the branchial arches or their derivatives. 

Apart from the Vlllth, these nerves all have a close relation to the pharyn- 
geal arches and the branchial clefts between them. They all contain afferent 
fibres, from the skin (somatic afferent) and from the mucous membrane of the 
mouth and pharynx (visceral afferent), and they all possess ganglia like those 
of the dorsal roots of spinal nerves. Some of the visceral afferent fibres come 
from taste receptors and are classed as special visceral afferent. In addition, 
nearly all these nerves contain visceral efferent fibres, some of which supply 
glands and smooth muscle like visceral efferent fibres elsewhere. Others sup- 
ply the striated muscle of the pharjmx, oesophagus, and visceral arches (includ- 
ing those of the larynx in air-breathing vertebrates). Though striated, these 
muscles are developed from lateral plate mesoderm and not from somites (p. 
161). They are specialised, however, in relation to the movements of the jaws, 
swallowing, respiration, and phonation, and the nerv'es supplying them are 
classed as special visceral efferent nerves. 

It will be seen that the nerves in this group are all complex and may contain 
as many as five components : somatic and visceral afferent, special visceral 
afferent, visceral efferent, and special visceral efferent. The presence of efferent 
fibres has not been demonstrated in the dorsal roots of spinal nerves in most 
vertebrates, but they are probably present in the primitive chordate, Amphioxus 
(p. 47), in cyclostomes (p. 175), and perhaps in fishes (pp. 219, 282). Their 
presence in this group of cranial nerves is therefore an example of the persis- 
tence of a primitive feature in nerves which are in many ways highly specialised. 

In general the anatomical pattern of branchial arch nerves is as follows : 
they possess a main branch which passes posterior to the branchial cleft {post- 
trematic) supplying both skin and muscle and a smaller but similar branch in 
front of it {pretrematic). There is usually a dorsal cutaneous branch and another, 
the pharyngeal branch, which passes medially to the mucous membrane of the 
roof of the pharynx. All these branches are not present in every nerve, just 
as every component listed is not present in all of them. 

The trigeminal (Vth) is large and emerges from the cranial part of the 
hind-brain close to the VII nerve. It soon enters the large semilunar or Gas- 
serian ganglion, from which its three main branches arise : ophthalmic , mcu^ 
lory, and mandibular. 

~^The ophthalmic branch consists of two parts: ram^ offjd^micw 

profundus and the ramus ophthalmicus sup^ficiaUs. The R. ophthalmicus pro- 
fundus passes deeply through the orbit, supplies sensory fibres to the eyeball. 
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and ends in the skin of the end of the snout. There are reasons for believ- 
ing that this deep ophthalmic branch was originally a separate cranial nerve, 
representing the dorsal root belonging to a premandibular somite, the ventral 
root to which is the oculomotor nerve. The superficial ophthalmic branch is 
the dorsal cutaneous, the maxillary the pretrematic, and the mandibular the 
post-trematic branch, as in a typical branchial arch nerve. The gill-slit is 
represented by the mouth, the gill of course being absent. The special visceral 
efferent fibres all run in the mandibular or post-trematic branch and supply 
the muscles which move the jaws. It may be called the nerve of mastication. 
There is no pharyngeal branch. The ventral root corresponding to this nerve 
is probably the IVth (trochlear), supplying the superior oblique muscle in the 
orbit. 

The faeial (Vllth) is the next in this series. It is a fairly typical branchial 
arch-nerve, belonging to the hyoid arch. The sensory ganglion on its root is 
the geniculate ganglion. Its main or post-trematic branch is the hyomandibular 
nerve, which supplies the muscles of the hyoid arch. In mammals these 
migrate widely to form the superficial muscles of facial expression. 

The chorda tympani branch of mammals may represent the pretrematic 
branch, but is more probably the representative of the internal mandibular 
nerve of fishes, which is post-trematic in position. It supplies the mucous 
membrane of the tongue with taste or special visceral sensory fibres and in tetra- 
pods, visceral efferent fibres to salivary glands. The true pretrematic branch 
is probably the prespiracular nerve of fishes and is reduced or absent in tetra- 
pods. 

The pharyngeal branch is represented by the palatine nerve of fishes, which 
runs medially above the palato-quadrate bar; it is the greater superficial 
petrosal nerve of mammalian anatomy, and contains visceral afferent and efferent 
fibres. The dorsal cutaneous branch is small and may be absent. This is 
certainly true of tetrapods, but in fishes sensory fibres are more numerous in 
the Vllth nerve than in higher vertebrates, particularly those serving the taste 
receptors, which may be distributed widely over the surface of the body. 

The IXth or glossopharyngeal is the nerve of the third visceral arch. It is 
a typical branchial arch nerve with a sensory ganglion, pre- and post-trematic 
branches, and a pharyngeal branch. A dorsal cutaneous branch is small or 
absent. 

Its afferent fibres come from the mucous membrane of the pharynx and in 
mammals, where it is the principal nerve of taste, from the posterior part of the 
tongue. It also receives afferent fibres from the part of the internal carotid 
artery in mammals which is developed from the third arterial arch and forms 
the carotid sinus (p. 674). These, together with other afferents from chemo- 
receptors in the carotid body, are important in cardiovascular reflexes for the 
adjustment of blood pressure. Although these fibres from the carotid sinus 
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and carotid body have been investigated chiefly in mammals, similar fibres are 
probably present in other vertebrates. 

The Xth or vagus is a large nerve which emerges from the medulla oblongata 
by several roots which lie in series with the IXth nerve. It probably represents 
the combined nerves of all the visceral arches caudal to the third. It supplies 
these arches with the characteristic pharyngeal, pre- and post-trematic branches. 
There is also a small dorsal cutaneous branch. In the air-breathing tetrapods 
these branches are represented by pharyngeal and laryngeal nerves, il of which 
contain special visceral efferent and visceral afferent fibres. The vagus also 
supplies the heart and swim-bladder (pp. 108, 361) or lungs (pp. 107-108), 
structures which develop from the pharynx or in dose relation to it. The 
pulmonary branches come from the trunk of the vagus, the pneumogastric 
nerve which continues caudally to supply the oesophagus, stomach, and much 
of the intestine. It is this wide distribution to viscera which has earned the 
name ‘vagus' or ‘wanderer'. The visceral efferent fibres to the heart, lungs, 
and alimentary canal are classed as ‘parasympathetic' and are functionally 
antagonistic to the sympathetic supply to these viscera in mammals. The 
vagus also contains numerous visceral afferent fibres which serve important 
reflexes. 

The Xlth or spinal aeeessory is probably the nerve of the last (5th or 6th) 
visceral arch. It is not present in fishes, where it is represented by the most 
caudal rootlets of the vagus. In mammals, where it was first described, it 
consists of a cranial and a spinal part. The cranial part is incompletely separ- 
ated from the vagus, and supplies motor fibres to the larynx which are distri- 
buted in the laryngeal branches of the vagus. The spinal part arises by a 
series of roots from the cervical part of the spinal cord, independent of the roots 
of the spinal nerves, and enters the skull and joins the cranial part. Its fibres 
are distributed to certain muscles of the neck and shoulder girdle which are 
developed, at least in part, from lateral plate mesoderm related to the caudal 
end of the pharynx. 

The Vlllth or aeousUe nerve has been left to the last : there is some doubt 
if it should be included in the branchial arch series. It is a nerve of special 
sense, which in tetrapods supplies the inner ear. The latter consists of a 
vestibular part (the semicircular canals, utricle and saccule) concerned with 
the appreciation of position and movement of the head, and the lagena (Fig. 
94) or, in mammals, the more complex cochlea (Fig. 93), sensitive to auditory 
vibrations. The nerve therefore consists of vestibular and auditory subdivisions. 
The ear, however, is probably a highly specialised member of the dass of 

receptors known as lateral-line or neuromast organs, widely distributed in 
characteristic patterns on the head and body of aquatic vertebrates (pp. 136, 
X37, 395). These are sensitive to movement and possibly to vibration of low 
frequency in the surrounding water, and, ance they are superfidal in position 
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Tabls II. Organisation of the head. 


SOMITE. 

MUSCLE. 

NERVE 

VISCERAL 

ARCH. 

1 

ventral root. 

dorsal root. 

ist or premandibular 

Superior, inferior, 
and anterior 

f internal) rec- 
tus, and inferior 
oblique of eye 

Illrd, Oculo- 
motor 

Ramus ophthal- 
micus profun- 
dus of V 

Trabeculae of 
chondrocran- 
ium 

2nd or mandibular 

Superior oblique 
of eye 

I Vth, Trochlear 

Vth, Trigeminal 
(excluding the 
Ramus ophthal- 
micus profun- 
dus) 

1st, Mandibular 

3rd or hyoidean 

Posterior (extern- 
al) rectus of eye 

Vlth, Abducens 

Vllth, Facial 

2nd, Hyoid 

4th (the somite dis- 
appears) 

— 

— 

IXth, Glosso- 
pharyngeal 

3rd (or the 1st 
Branchial) 

5th and several sub- 
sequent somites 

Hypobranchial 
and tongue 

muscles 

XT Ith, Hypo- 
glossal 

Xth, Vagus 

Xlth, Spinal 

accessory 

4 th and subse- 
quent visceral 
arches 


It should be noted that the first three somites, all of which give rise to extrinsic muscles of 
the eye, are all pre-otic in position. The numbering of the post-otic somites is uncertain, since 
one and perhaps more than one disappear without giving rise to muscles ; the number certainly 
varies in different vertebrates. 


and exteroceptive in function, they are classed as somatic sensory. The nerves 
supplying these organs enter the central nervous system in close association 
with the VII Ith nerve as an anterior and posterior lateral line nerve. The pos- 
terior lateral line nerve gives branches to the IXth and Xth cranial nerves and 
is distributed to the lateral line organs in their territory. The branch to the 
vagus is particularly large, and soon leaves the trunk of the vagus as what is 
called its lateral line branch. This runs caudally throughout the body supply- 
ing the lateral line proper. The anterior lateral line nerve, like the posterior, 
does not run independently to the organs it supplies, but joins branches of the 
Vllth and Vth nerves, particularly the hyomandibular branch of the former 
and the ramus ophthalmicus superficialis of the latter. 

The lateral line nerves and the Vlllth nerve are sometimes known as the 
acoustico-lateral system, of which only the Vlllth nerve persists in air-breathing 
vertebrates. The fact that the lateral line nerves join the branchial arch nerves 
and are distributed with them has led to the idea that a lateral line or special 
somatic sensory component may have been present in all segmental nerves at 
an early evolutionary stage. This probably applies only to cranial nerves and 
gives some justification for the classification of the acoustico-lateral with the 
branchial arch nerves. It must be pointed out, however, that the sensory 
ganglia of the acoustico-lateral system develop from ectodermal placodes, 
which differ in position from those associated with the ganglia of other sensory 
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cranial nerves, and this might be used as a justification for classifying them 
separately. 

That the somatic motor cranial nerves may correspond with the ventral 
roots of spinal nerves and the branchial arch nerves with the dorsal roots has 
already been indicated (p. 130) • There is also evidence that these cranial 
nerves are segmentally arranged in relation to somites in the same way as 
spinal nerves, although, owing to specialisations which result from the pre- 
sence of special sense organs, jaws, and branchial arches, this is not obvious in 
the adult body. The position is somewhat clearer in the embryos of the lower 
Craniata, and the accompanying table is based mainly on evidence from this 
source. 

Sensory Organs. — ^These vary in form and disposition from group to group. 
Some are internal — e.g. kincesthetic receptors which apprise the central nervous 
system of the degree of muscle tension and, in collaboration with sensory com- 
ponents of the inner ear (p. 145), enable the tetrapod to maintain the position 
it desires. Most sensory organs are distributed on the external surface of the 
animal and, directly connected with the central ner\'OUS system, bring to it 
information concerning the external environment. 

The study of skin receptors has been mostly carried out on Man, and for 
the past fifty years a theory of punctate sensibility has been generally accepted. 
This held that four primary modalites — touch, warmth, cold, and pain — 
operated within the ‘law’ of specific nervous energies (see Weddell). This 
concept has been seriously questioned both on physiological and histological 
grounds. It is now known that various kinds of sensory discrimination are 
possible in localised regions in the absence of the various cutaneous end- 
organs postulated by the punctate hypothesis. This is strikingly apparent in 
the cornea, which is supplied only with free nerve-endings and which, it was 
formerly believed, was sensitive only to pain. It is now known that touch, 
warmth, and cold stimuli can be appreciated there as well. 

In fishes and some amphibians, characteristic sense-organs known as the 
neuromast-organs or organs of the lateral-line occur. Extending along the sides 
of the trunk and tail is a longitudinal streak, due to the presence either of an 
open groove or of a tube sunk in the skin, and continued on to the head 
in the form of branching grooves or canals (Figs. 87, 88). These organs, and 
certain others in the form of pits or of imbranched canals, are lined with 
epithelium. Here occur groups of sensory cells — neuromasts — ^which are pro- 
duced at their free ends into hair-like processes. Neuromasts are innervated 
by lateral line nerves (see pp. 136, 449), and, at their first appearance in the 
embryo, are distinct, segmentally arranged patches of sensory epithelium in 
intimate connection with the ganglia of cranial nerves. Cutaneous sense- 
organs of the lateral-line system, having at first a metameric arrangement, 
also occur in the aquatic Amphibia. The neuromast organs enable the animal 
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Fig. 87.-- Lateral-line system: Bony fishes. 

I. The relation of the lateral-line canal to the scales on the body of Perea fluviatilis* A, 
lonf^itudinal section; B, scales and canal seen in side view. a. bridge of scale covering the canal; 
as. anterior region of scale; ep. cpiderinis; Ic. lateral-line canal ; In. lateral-line nerve ; w. nerve to 
sense organ; op. external opening of canal; ps. posterior edge of scale; so. sense organ in canal. 

II. The head of Amia calva showing the system of lateral-line canals and their nerve supply 
(from Allis), h. buccal branch of facial nerve; g. dorsal branch of glossopharyngeal; h. hyo- 
mandibular branch of facial; //. lateral-line of trunk; Iv, lateral-line of vagus; md. mandibular 
canal; oc. occipital canal; p. pit organs on ^dy; po. post-orbital canal; ps. pit organs on ^e 
head. sob. sub-orbital canal; soc. supra-orbital canal; sof. superior ophthalmic branch of facial. 
t. temporal canal. 
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to detect vibrations in the water of too low a frequency to form a sound 
capable of perception by the ear. 

Substances suspended in surrounding water or dissolved by saliva are 
tested by special taste-buds which are composed of groups of narrow, rod-shaped 
cells. In fishes these are widely distributed in the mouth and branchial 
cavities, but also on the outer surface of the head, and in some species over 
almost the whole surface of the body. In higher Craniata they have become 
chiefly restricted to the moist epithelium of the tongue and soft palate, and are 
supplied mainly by branches of the glossopharyngeal. 



The olfactory organ is typically a sac-like invagination of the skin of the 
snout, anterior to the mouth (Fig. 89). It communicates with the exterior 
by an external nostril. It is paired in all Craniata, except cyclostomes, in which 
there is a single olfactory sac, supplied, however, by paired olfactory nerves (p. 
130). The sac is lined by the olfactory mucous membrane or Schneiderian 
membrane, the epithelium of which contains peculiar, elongated sensory cells. 
The free ends of these cells are often produced into hair-like processes and the 
olfactory nerv^e-fibres consist of processes which run from the base of the 
cell to the olfactory bulb. In the Dipnoi (p. 361) and all higher groups, the 
posterior end of each sac communicates with the cavity of the mouth by an 
aperture called the posterior nostril, and an analogous communication occurs 
in the case of the unpaired organ of the hag-fishes (p. 197). 

In many air-breathing vertebrates there is formed an offshoot from the 
olfactory organ, which, becoming separated, forms a distinct sac lined with 
olfactory epithelium and which may or may not open into the mouth. This is 
the vomeronasal or Jacobson’s Organ, by which some animals are able to smell 
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Maxilloturb. Olf. bulb 

Vestibule \ Nasoturb. Echmocurb. 



Vomeronasal 

Hard 
palate 

Ltpus cuniculus 

Olf. sac. Spinal cord 
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Pott, chamber 



Oral cavity Pharynx 

Na«,.hypophy.i,l 
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organ Choana 

laccrta viridis 
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Oral cavity Nasopharyngeal canal 
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ScyWum esnicuh 

Fig. 89.— ouaetonr ap^antni: Nasal cavitr and its solatknitlrip to <to liiieoal oavitf in 
vertebrate types. In Laceria (a lizard), Orycfolagus (rabbit) , and Homo (Man) the nasal septum has 
been removed to display the nasal chambers. The underside of the snout in ScyUium (a dogfish) 
is drawn with the nasal skin fold on the right bent back to show the relationship of the nostrils 
to the mouth. (From Allison, partly after Matthes.) 



PHYLUM CHORDATA 


139 


-Qttaiffneem 






thaUMtci 
dtSktufdi) \1 


VltrtMM 

huttavr 




substances held in the mouth. The apparatus is supplied by a separate branch 
of the olfactory nerve. The organ occurs only in tetrapods, b aing first seen 
in the Amphibia (p. 381)- It reaches a high degree of efiEiciency in snakes and 
at least some lizards (p. 543) » is probably of minor significance in fihftlfmians 
and the Crocodilia. In all birds and in most mammals it occurs during develop- 
ment. In the mammalian embryo it is evident as a distinct groove on the 
lower medial aspect of each nasal cavity ; the duct, however, appears to be cut 
off from the nasal apparatus in ‘higher’ groups. In monotremes the organ 
remains readily identifiable in the adult and is equipped with a turbinal process 
projecting into its lumen. 

The paired eye (Fig. 90), of varying but more or less globular shape, lies 
in the orbit. It con- 

light-sensitive retina, 

connected by the optic /•«— 1.1 

tract to the brain, en- 
closed within a capsule 

and equipped with ap- , . W m /fcwfcMhi jSP?*** 

paratus for collecting vartm 

light and focusing it tmtar WsS^l 

upon the retina. 

The external part of 

the capsule, the scf«ro^tc, (h^) 

consists of dense fibrous 
tissue which may con- 

some cases plates of 

bone. Where It IS ex- F1G.90.— Bye; M«OT«wio»tnwtnm to mwimial. (After DaWn^^ 
posed to the light the 

dense fibrous tissue is replaced by a peculiar variety of cormective tissue which 
is transparent ; this part of the capsule is called the cornea, and is covered on 
both its outer and iimer surfaces with epithelium. The whole external coat 
has the character of a spherical case, mostly opaque (the sclerotic), but with 
a circular transparent window (the cornea). The curvature of the cornea is 
not the same as the sclerotic ; almost flat in fishes, it bulges outwards in 
terrestrial vertebrates. 

Lining the sclerotic is the second coat, the choroid, consisting of highly 
vascular connective tissue, pigment cells, and in certain situations smooth 
muscle fibres. The choroid is in intimate contact with the sclerotic, but at the 
comeal marg in it is continued as the anterior surface of a membrane, the iris, 
which is separated by a space (the anterior chamber of the ^e) from the cornea. 
In this region its degree of pigmentation gives the characteristic colour to the 
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Fig. 90.— Eye: Meoxoioopio gtraetum in manuntl. (After Dakin.) 
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eye, and it is perforated by a circular or slit-like aperture, the pupil. In most 
vertebrates the size of the pupil can be varied by two sets of smooth muscle- 
fibres in the iris : radiating fibres which dilate, and circular fibres which con- 
strict the pupil. Just behind the iris, and close to its peripheral margin, the 
choroid is thrown into radiating folds which project into the eyeball and con- 
tain smooth muscle-fibres, of importance in the mechanism of accommodation. 
These folds are the ciliary processes. 

The retina (Fig. gi) lines the surface of the choroid and extends forwards over 
the ciliary processes to form the posterior surface of the iris ; it ends at the 
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Fig. 91. — Vision: Retinal strnotore. In general, the retina of diurnal animals is rich in cones. 
That of nocturnal animals possesses a predominance of rods making for high sensitivity to light 
with a sacrifice of acuity and colour vision. Some animals (e.g. certain bats) apparently possess 
no cones; others (e.g. many reptiles, some mammals) no rods. (Redrawn from Gray, after 
Cajal.) 


pupillary margin. Only the posterior part of the retina (the pars optica) is 
light-sensitive ; this extends almost to the ciliary processes and ends along an 
irregular line, the ora serraia. The part of the retina which extends over the 
ciliary processes (pars ciliaris) and on to the inner surface of the iris (pars 
iridica) is not light sensitive and is comparatively simple in structure. 

Throughout the retina consists essentially of two layers. The outer of these 
is a single layer of cuboidal or low columnar heavily pigmented cells, the pigment 
layer. The inner layer is also a simple cuboidal epithelium in the pars iridica 
(where it is pigmented) and in the pars ciliaris of the retina. In the pars 
optica, behind the ora serrata it becomes highly complex, containing the 
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light-sensitive elements and nerve-cells and fibres which form the beginning 
of the pathway by which optic stimuli are conveyed to the brain. The light- 
sensitive elements are highly specialised cells which from their shape are classi- 
fied as rods or cones. They are placed perpendicular to the surface in intimate 
contact with the outer pigment layer already referred to ; their inner ends 
connect with small bipolar nerve-cells which in turn connect with larger nerve- 
cells (the ganglion cells) still nearer the inner surface of the retina. From the 
ganglion cells arise fibres which are at first situated on the inner surface of the 
retina ; they all converge on a small circular area, usually to the nasal side of 
the p)osterior pole of the eyeball, called the optic disc, and here they pierce the 
coats of the eyeball to become the optic nerve. It will be noted that in order 
to reach the light-sensitive elements adjacent to the outer pigmented layer, 
light-rays must pass through the layers of nerve-fibres, ganglion cells, and bi- 
polar cells. A retina of this typie is called ‘inverted’ and is characteristic of 
vertebrates. In some invertebrates (e.g. cephalopods) eyes superficially similar 
to the vertebrate eye may be found, but the light-sensitive elements form the 
innermost layer of the retina, which is therefore of fundamentally different 
construction. 

The biconvex lens lies immediately behind the iris. It is formed from 
layers of fibres, each derived from a single cell, and is enclosed in a cajisule. 
It is attached round its periphery by a susp>ensory ligament to the ciliary pro- 
cesses. In mammals this ligament is under tension, which can be relaxed when 
the ciliary muscle contracts and draws the ciliary processes closer to the lens. 
This allows the lens to assume a more nearly spherical shape, thus shortening 
its focal lengths and producing accommodation for near vision. Different 
mechanisms which serve the same function have been developed in other 
vertebrate classes. 

The space between the cornea and the iris is called the anterior chamber of 
the eye ; it communicates through the jiupillary opiening with a narrow space 
betw'een the front of the lens and the iris, the posterior chamber. Both cham- 
bers are filled with a watery fluid, the aqueous humour. The greater part of 
the cavity of the eye, bounded in front by the lens and the ciliary processes 
and for the rest of its extent by the pjars opffica of the retina, is filled with 
a transparent jelly-like substance, the vitreous body. The cornea, aqueous 
humour, lens, and vitreous body together constitute the dioptric apparatus, 
which focuses an image of external objects on the retina. The iris is a dia- 
phragm by which the amount of light which enters can be regulated. 

Among many nocturnal forms {e.g. domestic cat), and some animals living 
in muddy waters, the receptivity of the eye is enhanced by a reflecting plate, 
the tapetum lucidum. Generally this lies in the choroid. It varies con- 
siderably, and has arisen independently in different groups. It may be formed 
of silvery connective tissue, or a layer of guanin granules or other material. 
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The tapetum often reflects a characteristic colour, e.g. the ‘fiery’ eye of the 
Crocodilia. 

The mode of development of the eye is as characteristic as its structure. 
At an early stage of development a hoUow outgrowth — ^the optic vesicle — ^is 
given off from each side of the fore-brain. It grows out and touches the ecto- 
derm at the side of the head. This ectoderm becomes thickened and invagin- 
ates. Eventually it forms a closed sac and separates from the rest of the 
ectoderm. The sac is the rudiment of the lens; it has thick walls and a small 
cavity. Meanwhile the optic vesicle has also invaginated and become converted 
into a two-layer optic cup. Its cavity, originally continuous with the neurocoele, 
becomes obliterated. The invagination of the vesicle' tb form the cup does not. 
take place symmetrically. It occurs obliquely from the external (posterior)'^ 
and ventral aspect of the vesicle, so that the optic cup is incomplete along one 
side where there is a cleft — the choroid fissure. This is afterwards closed by the 
union of its edges. The outer layer of the optic cup becomes the pigment- 
ary layer of the retina. From its inner layer the rest of that tissue, includ- 
ing the rods and cones, is formed. The stalk of the optic cup occupies, in the 
embryonic eye, the place of the optic nerve, but the actual fibres of the nerve 
are formed as backward growths from the nerve-cells of the retina to the 
brain. 

Mesoderm grows in between the developing lens and the external ectoderm. 
From this the main substance of the cornea and its inner or posterior epithelium 
are formed. The adjacent ectoderm becomes the external epithelium or con- 
junctiva. Mesoderm also enters the optic cup through the choroid fissure and 
becomes the vitreous body. Lastly, the mesoderm immediately surrounding 
the optic cup is differentiated to form the choroid, the iris, and the sclerotic. 
Thus the paired eye is derived from both mesoderm and ectoderm. The sub- 
stantia propria of the cornea, the sclerotic, choroid and vitreous body are meso- 
dermal. The superficial epithelium of the cornea, and the lens, are derived from 
the surface ectoderm directly ; the retina and optic nerve are derived from the 
central nervous system and are therefore indirectly ectodermal in origin. 

The eyeball is moved by six muscles (Fig. 92). Four of these arise from 
the inner wall of the orbit, and pass, diverging as they go, to their insertion 
round the equator of the eye. One of them is dorsal in position, and is called 
the superior rectus {sup. rect.), a second ventral, the inferior rectus, a third 
anterior, the anterior or internal rectus, and a fourth posterior, the posterior or 
external rectus {post. rect.). The usual names (internal and external) of the two 
last-named muscles originate from their position in Man, in which, because the 
eye looks forwards instead of outwards, its anterior surface becomes internal, 
its posterior surface external. The two remaining muscles usually arise from 
the anterior region of the orbit, and are inserted respectively into the dorsal 
and ventral surface of the eyeball. They are the superior and inferior oblique 
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muscles. The eye muscles are remarkably similar throughout the vertebrates : 
few structures have remained more ‘ conservative ' (Gilbert). 

The Apparatus of Audition and Ekiullibration. The receptor organ con> 
cemed with these functions is the membranous lahyrinth, situated on either 



Fic.93- — Orbit; gwusludmmciitorwiatknuhipiinaeMUlsginoiMflih. (Dogfish.) a,nt.ftct. 
anterior rectus; cerebellum: cil. a.« ciL p. anterior and posterior ciliary nerves; e.p,a, 

efferent pseudobranchial artery; ep, epiphysis; g. cil, ciliary ganglion; inf, obi. inferior oblique; 
lam. lamina terminalis of cerebrum; O.V. and VII, superficial ophthalmic branch of trigeminal 
and facial; M. sup. superior oblique; olf. b. olfactory bulb; opt, 1. optic lobe; post. reel, posterior 
rectus; r. op, prof, ramus ophtlmlmicus profundus of trigeminal; r. s. sensory root of ciliary 
ganglion; sup. red, superior rectus; thal. thalamus; II to X, cranial nerves. (After Young.) 

side of the hind-brain in all vertebrates ; it is often called the inner ear, especially 
in tetrapods, in which a middle and external ear may also be present (Fig. 93). 
The latter is concerned with the collection of sound vibratiems, and the former 
with their transmission to the inner ear, where they are translated into nervous 
impulses carried by the Vlllth cranial nerve to the brain. It is, of course, the 




eus^achian ^ube/ 




Fig. 93-— Audio-eauilibration: Series of evolutionary stages in vertebrate types, /i. Cross- 
section of half of a fish skull in the ear region. The ear structures consist only of the deep-lying 
sacs and semicircular canals. B. An amphibian. The hyomandibular bone (Aw) of the fish is 
pressed into service as a sound transmitter, the .stapes (5); the first gill slit, the spiracle (sp), 
becomes the Eustachian tube (fw) and the middle-ear cavity (nte), while the outer end of the 
spiracle is closed by the tympanic membrane (fw), C. A mammal -like reptile. The stapes 
passes close to two skull bones (^, quadrate; a, articular) which form the jaw joint. D. Man (the 
ear region only, on a larger scale). The two jaw- joint bones have been pressed into service as 
accessory ossicles, the malleus (m) and the incus (f). E. A primitive land animal and a mammal- 
like reptile to show the relation of the eardrum to the jaw joint. At first in a notch high on the 
side of the skull (the otic notch) occupying the place of the fish spiracle, it shifts in mammal-like 
reptiles to the jaw region. In mammals the jaw comes to be formed of one bone only (rf, the 
dentary), and the bones of the jaw -joint region are freed to act as accessory hearing organs; oe, 
tube of outer ear. (After Romer.) 


position of the head in relation to the gravitational pull. These functions are 
located in different parts of the lab3n'inth and are served by the auditory and 
vestibular divisions of the Vlllth nerve respectively. These divisions are 
always present, although the nerve is often referred to simply as the auditory 
nerve. 
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Embryologically the inner ear is formed from a localised thickening of 
ectoderm, the otic placode, on either side of the hind-brain. This placode be- 
comes depressed to form a flask-shaped otic vesicle, which in most vertebrates 
loses its connection with the surface ectoderm. The otic placode lies in series 
with similar placodes from which lateral line organs (p. 135) are developed ; 
the inner ear which develops from it is therefore thought to represent a highly 
specialised lateral line organ and to belong to the acoustico-lateral system. 

At first simple, the otic vesicle soon becomes divided by a constriction into 
a dorsal utriclus and a ventral sacculus which 
remain in communication throughout life and 
are imperfectly differentiated from each other 
in primitive vertebrates. From the utricle three 
semicircular canals are formed. These lie in 
planes at right angles to one another: one 
anterior, one posterior (both vertical), and one 
external and horizontal. The canals remain 
in communication with the utricle, but as the 
anteriorand posterior canalshavetheiradjaccnt 
limbs united, there are in all only five openings. 

Each canal is dilated at one end to form an 
ampulla, which is situated anteriorly in the 
anterior and external canals and posteriorly in 
the posterior canal (Fig. 94). 

The ventral compartment, or sacculus, 
off a blind pouch, the lagena, which in mam- 
mals becomes elongated and coiled to form 
the cochlear duct. The saccule and lagena (or 
cochlear duct) are concerned with auditory 
function ; the utricle and semicircular canals 
with sense of position and movement. The 
membranous labyrinth is filled with fluid, 
the endolymph, and becomes surrounded by the 
cartilage or bone of the auditory capsule, a part of the chondrocranium (p. 97). 

The cartilage, or bone, adapts itself to the form of the membranous laby- 
rinth, and the complex cavity so formed is called the bony labyrinth. It presents 
a large excavation (the vestibtde) for the utricle and saccule, and tunnel-like pas- 
sages for the semicircular canals and lagena. It is from the spirally coiled 
form of the latter that the term cochlea (‘snail’) is derived. ITie membranous 
lab5ninth fits loosely in the bony labyrinth, so that it is separated from its 
capsule in most regions by a narrow perilymphatic space. This communicates 
with the subarachnoid space around the brain by means of the aquedudus coch- 
learis and is filled with peril5miph which is very like cerebrospinal fluid (p. X25). 

VOL. II. K 



Fig. 94. -Aadio-eaniUbriam. aa. 

ampulla of anterior canal, ae, of 
horizontal canal, ap. of posterior 
canal; ass. apex of superior utricu- 
lar sinus; ca. anterior, ce. horizontal. 
cp. posterior semi-circular canal; 
cits, canal uniting sacculus with 
utriculus; de. endolymphatic duct; 
/. lagena; rec, utricular recess; s, 
sacculus; se, endolymphatic sac; 
sp. posterior utricular sinus; ss. 
superior utricular sinus; tt. utri- 
culus. (After Wicdersheim.) 
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The actual sensory receptors are patches of neuro-epithelial cells which are 
found in particular situations in the wall of the membranous labyrinth. The 
cells are flask-shaped, with long hair-like processes whidi project into the 
endolymph in the cavity of the labyrinth ; the terminal filaments of the Vlllth 
nerve ramify round their bases. The neuro-epithelial cells are surrounded by 
supporting cells, and are found in the crista in the ampullae of the semicircular 
canals, in the tnactda of the utiide and the saccule, and in the lagena or cochlear 
duct. In the latter they form the receptive element of the organ of Corti in 
mammals. Each group of epithelial cells has its hair-like processes in contact 
with, or embedded in, a gelatinous mass, which, particularly in the macula of 
the utricle, contains crystals of calcium salts and forms' an otolith or otolithic , 
membrane. Otoliths are very conspicuous in fishes where they are of varying , 
size and number. Owing to their weight, changes in position alter the stresses \ 
transmitted from the otoliths to the hair-cells, and it is probable that this con- ‘ 
stitutes the stimulus which is appreciated as ‘position sense’. Similar effects 
can be produced by movements of the head, owing to the inertia of the otoliths, 
or by vibration in the endol3miph, the latter constituting a stimulus which 
can be appreciated as sound. 

The membranous lab}ninth is the only auditory apparatus possessed by 
fishes (except for such accessory apparatus as the Weberian ossicles found in 
many teleosts ; p. 342). The change from water to land, when the first tetra- 
pods arose, necessitated important additions to deal with vibrations conveyed 
through air instead of the denser medium of water. The most obvious of these 
is the ear-drum or tympanum, a membrane on or near the surface of the body, 
and separated from the otic capsule and labyrinth by a cavity developed as 
a diverticulum of the pharjmx — probably the spiracular pouch. This cavity 
is the middle-ear. 

Vibrations are transmitted across the middle ear from the ear-drum to the 
labyrinth, or inner ear, by a bony rod, the cdumeUa, in amphibians, reptiles, 
and birds. The columella represents the upper element of the hyoid arch 
(the hyomandibula), which is no longer required for jaw-suspension owing to 
the acquisition of the condition of autostyly (p. 94). The outer ends of the hyo- 
mandibula (columella) becomes embedded in the tympanum and the inner 
end fits into an opening in the otic capsule, the fenestra ovalis. In mammals 
the columella is found as a small stirrup>-shaped bone, the stapes, which still 
fits into the fenestra ovalis ; two other bones, however, the incus and the malleus, 
have been added to connect it to the tympanum, so that vibrations are trans- 
mitted by a chain of three ossicles instead of by a single bone. Both the incus 
and the malleus are derived from the jaw skeleton, the incus being the quadrate 
and the malleus the hinder end of Meckel's cartilage, the articular. These 
bones have been freed from their original function of providing a joint for the 
lower jaw by the development of a new articulation between itie dentary and 
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the squamosal bones (p. 97). It is probable that the ossicular chain is a more 
efficient mechanism than the single columella for the transmission of vibra- 
tions to the inner ear, possibly by increasing their force anti Himinishing their 
amplitude, but the details of its mode of action are not entirely clear. In 
mammals the ear-drum has sunk below the surface, with which it remains 
connected by a tubular external auditory meatus. A pinna is also developed 
and serves to reflect sound vibrations into the meatus. The pinna and meatus 
together constitute the external ear (Fig. 93, p. 144). 

The evidence, both palaeontological amd embryological, for the morpho- 
logicad chamges which have occurred in the bony structures aissodated with the 
ear, is remarkably complete. The evolution of the eaur-drum aind middle eair is 
less well understood. 

Endoerine Organs. — ^As recently ais the end of the last century the animal 
body wais considered essentially ais a group of complicated, little-understood 
organs, the functions of which, however, were probably explicable in terms of 
the co-ordinating amd integrating nervous s}rstem (p. 116). Despite the earlier 
work of Bordeau, Claude Bernard, Berthold, Brown-Sequau’d, and mauiy others, 
it was not until 1902 that the work of Bayliss amd Starling promoted a general 
acceptance of the idea of chemical reflexes. Lairgely due to the work of Pavlov, 
it wais at the turn of the century generadly considered that pancreatic secretion, 
for example, wais entirely under neurad control. Bayliss and Stau'ling now 
showed that even after denervation of the maunmalian pamcreais, the orgam 
still secreted when acid entered the smadl intestine from the stomach. Injec- 
tion of hydrochloric acid into the general circulation did not stimulate pan- 
creatic outflow, so Bayliss amd Starling groimd up intestinail mucosa, injected a 
weak acid filtrate into the generail circulation, amd observed a flow of pancreatic 
juice. They called the activating mucosal substance secretin and described it 
as a hormone. 

In 1925 Mellanby showed that purified secretin mainly stimulated the out- 
flow of water amd bicarbonate from the pamcreas, whereas stimulation of the 
vaigus produced a juice rich in enzymes. Later, in 1942, there wais discovered 
a second hormone, pancreozymin. This stimulates enzyme secretion, so that 
duodenad hormones can cause the production of normal pancreatic juice in the 
absence of vaigad activity. Normailly the nervous action of the vagus (p. 133) 
initiates secretion, often amticipating the arrival of food in the duodenum : the 
slower activating endocrine action becomes dominant later. 

After the discovery of secretin, several organs, whose functions haul been 
only vaguely surmised, were shown to be pautly or wholly endocrine in function 
(see below). Leaving neurohumors amd other hormone-like substances out of 
consideration, hormones are in general produced by highly vasculaur aggr^- 
tions of specialised epithelial cells which, lacking ducts, pour their secretions 
as trace substances into the bloodstream, by whidi they aue carried throughout 
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the body. Their precise mode of action is unknown. Hormones act on 
particular tissues {target organs) and cause specific effects. The target organ 
may be another endocrine gland which itself may be in turn caused to secrete, 
and thus reflexly influence other target organs. Sometimes the increased 
activity of the secondarily stimulated endocrine gland will result in a hormonal 
‘feed-back’ that inhibits the action of the initial mover in the series. Thus, for 
example, the anterior pituitary gland produces gonadotrophic hormones which 
activate the gonads, and these in turn produce sex hormones which, along with 
other special effects {e,g. the changes occurring at puberty), to some degree 
control also the subsequent activity of the anterior pituitary. Such a reciprocal 
relationship occurs cdso between anterior pituitary and ’the th5rroid gland in 
some vertebrates. Again, the hormones of two entirely different glands some- 
times operate in a balanced synergism {e.g. oestrogen from the ovary and pro- 
gesterone from the corpus luteum together prepare the mammalian uterus for the 
implantation of the fertilised egg even while it is still descending the oviduct). 

Endocrine glands occur in the protochordates (p. 27) and are already 
established in the general vertebrate pattern in the Agnatha (p. 176). Gener- 
ally. if not always, individual glands have arisen by the functional and structural 
metamorphosis of tissues that previously subserved other ends. For a pictorial 
example of this see Fig. 97, p. 152. Thus, too, the thyroid (for example) has 
developed (in phylogeny) from the endostyle (p. 52) of ancestral chordates. 
The thyroid is of special interest in that it can be demonstrated that its homo- 
logue in the Lamprey arises in much the same way during ontogeny, i.e. in the 
developmental histology of the individual (p. 197). Likewise, each season the 
male bird develops a fresh complement of secretory interstitial cells from un- 
specialised connective tissue. Certain fishes and amphibians likewise season- 
ally develop lobule-boundary cells, of secretory function, from fibroblasts (Fig. 

97 )- 

Work on the comparative biochemistry and evolution of hormones is still 
in its infancy. Individual hormones which differ comparatively little in their 
chemical structure arc capable of the most strikingly diverse effects. Again, 
hormones that are (in the present state of knowledge) indistinguishable may 
cause quite different effects in various classes of animals: for example, the 
differential influence of adenohypophysial prolactin in birds and mammals 
(see below). The evolution of the endocrine system has involved the differen- 
tiation of chemical substances and special means of producing them on one 
hand, and of specific tissue responses on the other. However, it must not be 
thought that the hormone is simply a ‘key’ to ‘unlock’ a response. Most tissue 
reactions {e.g, lactation) require a plurality of hormonal influences. Further, 
alien substances will sometimes bring about endocrine effects {e.g. the advent 
of comb-growth and spermatogenesis after the administration of sulphonamide 
to diseased chickens). 
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There is some evidence that hormones have been evolved from metabolites. 
Pituitary, parathyroid, and pancreatic hormones are proteins ; thyroxin (from 
the th3nt>id) and adrenalin (from the adrenal medulla) are derivatives of the 
amino-acid t3n‘osine. The gonads, corpus luteum, and the adrenal cortex (or 
interrenal tissue) produce steroid hormones. 

Individual endocrine glands are briefly dealt with later under the various 



Fig. 95. — Neoio-endoctine system: Hypothalamico-hypopbysial relationships in a bird (Pigeon, 
Colttmba). A. optic chiasma; Ji. diencuphalon ; C, medulla oblongata; D. dorsum sellas; E. 
osseus floor of sella, i. internal carotid artery; z. inferior hypophysial artery; j. anterior ramus 
and 4, posterior ramus of internal carotid; 5. infundibular artery; 6. primary capillary plexus on 
the eminentia; 7. portal vessels; 8. secondary' plexus in pars distalis; 9. capillary bed in pars 
neuralis; 10. internal ophthalmic artery. (The capillary nets are simplified, and the peri-hypo- 
physial veins omitted.) (From Marshall, modified after Wingstrand.) 


classes. Their functions are best known in homaeothermic animals with which 
the following summary is mostly concerned : 

Pituitary gland (hypophysis). The pituitary is connected with the h5rpo- 
thalamus by the infundibulum (Figs. 95, 96) and lies in the sella turcica, an 
excavation of the basisphenoid. ‘No other single structure in the body is so 
doubly protected, so centrally placed, so well hidden' (Cushing). The hypo- 
physial portal system connects the pars distalis (see Table III, p. 151) with 
the hypothalamus. The flow is in the direction of the gland to which is 
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carried a neurohumor that influences the anterior lobe of the pituitary. The 
production by the hypoph3reis of hormones which influence other organs 
stimulated the epigram of Long that it is the ‘conductor of the glandular 
orchestra’. It must be remembered, however, that certain target organs 
within the ‘orchestra’ have the capacity to modulate the activity of the 
‘conductor’ and, further, that after hypophysectomy at least some of them 
(thyroid, adrenal cortex) continue to function at reduced level. 



A BIRO: A MARSUPIAL: A EUTHERIAN: 

passwine. Passer opossum. Didelpfns Man. Homo 

Fig. 96. — Hypopbpaial amugaumta: Vntalnate tppet. There is considerable variation 
within each animal class. pars distalis; p.i. pars intermedia; pars tuberalis; neural 

zone. (Modified after Green.) 


The pituitary differs in the arrangement of its constituent parts from group 
to group as shown in Fig. 93. The pars distalis secretes gonadotrophins of 
which the foUide stinudaiing hormone {F. 5 . H.) activates ovariw follicles or, 
as the tubide~ripening hormone {T. R. H.), stimulates spermatogenesis in the 
testis tubules. Luteinising hormone {L. H.) is also gonadotrophic in function, 
causing the luteal reaction in the ovary that results in the formation of its 
corpus luteiun (or corpora lutea). As the irderstitial cdl stimulating hormone 
(/. C. 5 . H.) it activates the interstitial Leydig cells in the male. 

The adrenocorticotrophic hormone {A. C. T. H.) influences the cortical tissue 
of the adrenal gland (or its homologue) and the thyrotrophic hormone {T. S. H.) 
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Tablb III, Division of the hypophysis. (After Green, modified from Rioch, Wislocki, and O'Leary.) 

. Together « 
hypophysial 
stalk 

Together « 
posterior lobe 


Infundibular 

stem 


Median eminence | 
of tuber 

cinereum J 

stimulates the thyroid gland. The lactogenic hormone influences the mammary 
gland (after its initial stimulation by oestrogen) and, as prolactin, leads to 
broodiness, certain forms of maternal behaviour, the production of crop-milk 
in pigeons (p. 583) and brood-patches in many widely diverse species (p. 560). 

The somatotrophic or growth hormone (S. T. H.) influences growth in some 
classes. Disfunction may lead to giantism or dwanflsm. This hormone has 
not been proved to exist in birds. Hypophysectomy in birds, however, does 
caiise dwarfism, but growth can be restored by prolactin administration. 

The ‘posterior lobe’ (Fig. 96) is in direct neural communication with the 
brain. From it have been extracted vasopressin (A. D. H.) of essentially anti- 
diuretic, but with some vaso-constrictor function, and oi^tocin, whi^ aids 
milk ejection, and uterine contraction at term. The work of £. and B. Scharrer, 
Bargmann, and others suggests that posterior lobe hormones are secreted in the 
h3^thalamus. They may be stored, and perhaps modified, in the posterior 
pituitary before final discharge. 

The pars intermedia is absent in birds and mammals but is prominent in 
lower vertebrates. Intermedin causes melanophore-expansion (p. 450). How- 
ever, a substance with the properties of intermedin (when administered to 
frogs and reptiles) has been extracted from the pars distalis of birds. 

Thyroid gland. Formed as a pharyngeal diverticulum, this gland is en- 
capsulated by fibrous connective tissue and contains vesicles that are lined 
with specialised epithelium which holds thyroid colloid. The epithelial ceUs 
withdraw iodine from the bloodstream. After combination with the amino- 
acid tyrosine, and further modifications, there is formed the hormone tiiyroxin 
which has a stimulating effect on body metabolism in general and specific 
effects in various classes of animals (see e.g. pp. 421, 456). 


Major Divisions 
1. Adenohypophysis 
(syn. glandular 
lobe) 

(Derived from 
Rathke's pouch) 



Subdivisions 

(a) Pars distalis 

(b) Pars tuberalis . 

(c) Pars intermedia- 


2. Neurohypophysis, 


(Derived from 
diencephalon) 


(a) Lobus nervosus 

(syn. Neural lobe 
or Infundibular 
process) 


\ 


(b) Infundibulum^ 
(syn. Neural 
stalk) 
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Parathyroid These minute bodies are developed from the third and 

fourth gill-pouches and produce parathormone which controls the distribution 
of blood calcium and phosphates. For tMimobranchial glands, see p. 347. 



Fig. 97.— Secretory arrangements: 
Vertebrate testis. I'hc interstitial 
1 A'ydig cells (of connective tissue 
origin) (above) form the typical verte- 
brate pattern (Agnatha to Mammalia) 
except (below) in certain fishes and 
non-anuran amphibians where there 
has been a shift in hormone pro- 
duction to specialised connective 
tissue cells (boundary cells) in the 
walls of the seminiferous tubules. 
(After Marshall and Lofts.) 


Adrenal gland. These are paired compound 
glands of two physiologically and anatomically 
distinct parts — the medullary tissue and the 
cortex. The latter interdigitates with the former 
in Amphibia, Keptilia, Aves, and monotremes 
and is homologous with the inter-renal glands 
of sub-amphibian forms. The medulla arises 
from neural crest ectoderm (as do also the 
sympathetic nerve trunks) and, under 53^1- 
pathetic control, secretes adrenalin, which 
j)repares the animal for fight or flight. Thus 
adrenalin, among numerous other effects, 
increases cardiac rate and va.soconstriction, 
elevates blood sugar level, and relaxes the 
bronchii to increase lung ventilation. In 
general, para.sympathetic stimulation causes 
antagonistic effects. Chromaffin tissue is found 
in various viscera in fishes (see p. 380). 

The ‘cortical’ tissue produces steroid hor- 
mones of three ])rincipal kinds: (i) mineralo- 
corticoids concerned with the retention of sodium 
and the release of potassium in the kidney, 
(2) glucocorticoids important in the regulation 
of blood-.sugar levels and glycogen deposition, 
and (3) gonadoids, perhaps of relatively little 
importance under normal conditions. 

Gonads. Interstitial cells occur in the testes 
(Fig. 97) and produce the steroid testosterone 
(male sex hormone) which has profound effects 
on sexual characters and behaviour. The testes 
produce also oestrogens. In the ovary oestro- 
genic cells of various kinds produce female sex 


hormones (oestrogens). These influence sexual 


characters and behaviour. Androgens, too, are formed in the ovary and are. 


incidentally, responsible for comb-growth in the hens of domestic fowl. 


Corpus luteum. This is a temporary endocrine organ formed by the multi- 
plication of luteal cells in the empty follicle after ovulation. These produce 
progesterone which is important in the maintenance of pregnancy. 

Pancreas. Apart from its exocrine function (p. 104) this gland is studded 
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internally with endocrine islets of Langerhans, which produce the hormone 
instdin, which partly controls blood-sugar level. A Ugh blood-sugar level 
stimulates the secretion of insulin which lowers blood-sugar by promoting its 





Fig. 98. — Uxinogenittliystem: Development and idatiouliiin. development of pronephros 

and pronephric duct; JB, atrophy of pronephros, development of mesonephros; C, differentiation 
of pro- and mesonephric ducts; Z>, development of metanephros; male type; E, female type. 
al. bl. allantoic bladder; cL cloaca; gon. gonad; int, intestine; m. c. Bowman’s capsule; ms. n. d. 
meso>nephric duct; ms. nph. mesonephros; nU. n, d. metancphric duct; mt. nph. metanephros; 
nst. nephrostome; ov. ovary; p. n. d. and sg. d. pronephric duct; p, nph. pronephros; t. testis; 
V. e. vasa efFerentia. 

storage (as glycogen in liver and muscles), increasing peripheral utilisation, and 
preventing its over-production from ingested fats and protein (see also p. 146). 

For p luaawtal hormones see p. 905 and for pineal function in lower verte- 
brates, pp. 189, 345, 347. The lymphoid thymus has been often claimed, without 
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convincing evidenee, to possess, endocrine functions., The same is true of 
brown fat, which some' have'.bel^^ to , be an endocriite 'hibernation gland’. 
Brown fat occurs as a lobular, and^uperficially gland-like tissue. It is ' histogen- 
etically anj|Ti>hysiologically di^^t from ordinary yellow of white adipose 
tissue (Favrcett), but has since found also in widely imrelated, non-hibern- 
ating mammals (e.g. liattus and fh'e rhesus monkey, Macaca), 

Urinogenital Oi^Ais. — In ail'C^^iata there is so close a connection between 
the organs of renal excretion and those of reproduction that the two s}^ems , 

are conveniently considered together 
.as the urinogenital organs. 

Speaking gfefterally, the excretory j 
organ consists basically of three parts, 
all paired and situated along the dorsal 
wall of the coelom: the pronephros 
(‘fore-kidney’) (Fig. 98, A, p. nph.), 
the mesonephros (‘mid-kidney’) (ms. 
nph.), and the metanephros (‘hind- 
kidney’) (mt. nph.). Each of these is 
provided with a duct, the^ro- {p. n. d.), 
meso- (ms. n. d.), or meta-nephric (mt. 
n. d.) duct, which opens into the cloaca. 
The gonads (gon.) lie in the coelom 
suspended from its dorsal wall by a 
fold of peritoneum. In some cases their 
products are discharged into the coelom 

Fig. Eiorrtoiy aid and make their exit by genital pores, 

disposal m wtAmmaliiMi kidney. The kidney is ^ o r * 

the viscus elegantissimum of the early ana- but more usually the pronephric duct 

Sihe SatioShTp of1henephrT(F^.^^^) “ ^he female assumes the functions of 

with cortex {cor) and medulla {med). Myriad an Oviduct and the meSOnephllC duct 
collecting tubules open into the pelvis from . i r -j a. 

which the urine is conveyed by the ureter (nr) tne male tnOSe Of a SpeimiQUCt. 

The pronephros is almost always 
functionless in the adult, and usually 
disappears altogether. The mesonephros is generally the functional kidney 
in the lower; (anamniote) (pp, 153, 253) Craniata, in which no metanephros 
is developed, and the mesonephric duct, in addition to carrying the seminal 
fluid of the male, acts as a urinary duct. 

In the higher forms- (amniotes) (p. 457) the early developed mesonephros 
laigely atrophies. In these, the metanephros is the adult functional kidney, 
and the metanephric duct becomes the true ureter (Fig. 99). 

Hie kidney (meso- or meta-nephros) of the adult is a massive h^[hly vascular 
structure containing vast numbers of convoluted urinary tubtdes (Fig. xoo), 
separate from one another by connective-tissue. The tubulin are linixf by a 
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tubule 


single Utyor of glandular epithelial cells'a^4 .;^)> ends* blindly la Bownian’s 
capsule, a globule dilatatibh. In many, of .'^e lower jCranjata, a brandi goes 
off from the tubule, near the Malpighian ^)dy,"and, passing t^the ventral 
surface of the kidney, 
mds in a ciliated fuxmel- 
like body (Fig. 98 A. nsL), 
resembling the nephridio- 
» stome of a worm, and, like it, 
opening into the coelom. 

At their opposite ends the 
tubules join with one an- 
other, and finally discharge 
into the urinary duct. 

The renal arteries branch 
extensively in the kidney, so 
that each of the coimtless 
Malpighian corpuscles is 
supplied by a minute afferent 
arteriole (Fig. 100, aff. a.). 

This invaginates the w^ 
of Bowman’s capsude and 
breaks up in a bunch of 
looped capillaries, the 
glontertUus, suspended in 
the interior of the capsule. 

The blood is carried from 
the glomerulus by an effereni 
vessel (eff. v.), which joins 
the general capillary system 
of the kidneys, forming a 
network over the urinary 
tubules. Finally the blood 
is returned from this net- 
work to the renal vein. 

The components of the 
above apparatus differ 
greatly (even within a single 
order) according to the ex- 
cretory requirements of the animal and the environment in whidi it exists. 
In general, however, blood pressure forces fluids, salts, and ‘Waste metabolites 
of small molecular size to filter from the tuft of capillaries into the Bowman’s 
capsule. The appasatus is impermeable to blood-cells and plasma proteins. 



descending end^ 
ascending loop 
oi Henle 


Fig. xoo.— Sioictory lyitem: A mial unit (nephron) of 

a temitrial To the encapsulated glomerulus (with- 

in Bov’man's capsule) comes blood from the arteri^ cir- 
culation. Fluid, containing solutes of small molecular size 
(e.g. urea. NaCl). is filtered and sent into the convoluted 
tubule. This is enmeshed in capillaries into which fluid 
and beneficial substances are reabsorbed for canalisation back 
into the venous system. Discarded material flows down the 
collecting tubule into the kiciney pelvis (see Fig. 99). 
(Modified after Homer Smith.) 
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The stranded plasma proteins, however, exert an osmotic pressure which tends 
to retain fluid and solutes within the capillaries. Depending upon the inter- 
action of these factors, varying amounts of protdn-free filtrate are allowed to 
flow into the confluent renal tubule. From here quantities of fluid, together 
with glucose and beneficial salts, can be reabsorbed through the tubule walls 
into the bloodstream via the adjacent capillary net. The remaining substances 
are excreted as urine or its equivalent. 

All vertebrates, whether aquatic or terrestrial, are constantly exercised to 
maintain the integrity of their internal environment. The historic migrations 
between salt and fresh water and on to dry land havf. been made possible 
partly by manifold modifications (slime, exoskeletal structures, sweat-glands, 
gill, and kidney adaptations, etc.) in the structures that are involved in con- 
servation or elimination of internal fluids and the regulation of the concentra- 
tion of their contained salts. An animal is in large degree a system of physio- 
logical membranes. When iso-osmotic sea-animals (with watery tissues rich 
in the salts of the surroimding sea) explored the rivers they must have developed 
or already possessed (Fig. loi) a mechanism that prevented the fatal dis- 
ruption of their salt balance by the osmotic inflow of fresh water (see p. 164). 
The development of a waterproof exoskeleton by ostracoderms probably 
improved such protection, as well as conferring obvious advantages against 
predators (p. 166), 

The kidney (meso- or meta-nephros) is the primary organ of excretion, al- 
though gills, lungs, skin, intestine, and other structures are important in this 
respect among different groups. The structure of the primary renal unit, the 
nephron, though differing in detail between animals of various habitats, 
preserves a basic similarity that can be traced from the hypothetical proto- 
vertebrate arrangement throughout the craniate series (Fig. loi). The 
kidney is segmental and mesodermal in origin (see below) and there is little 
reason to doubt that the vertebrate ancestor bore pairs of bilaterally symmetri- 
cal mesodermal nephric tubules (cf. however, Amphioxus, p. 47), which 
communicated through coelomic nephrostomes with the external environment 
(or with some other structure opening thereto) and which discharged fluid and 
metabolites and probably sexual products as well. In such a structure (Fig. 
loi A) the coelomic cavity participated in excretion and a ‘relatively feeble 
stream of coelomic fluid would serve to wash the excretion out of the tubules 
. . . with this meagre equipment the protovertebrate tried to enter the brackish 
lagoons or freshwater rivers of the Palaeozoic continents’ (Homer Smith) (see, 
however, p, 164). 

Now, however much the external surface might come to be guauxled by 
slime or exoskeletal modifications, a considerable aunount of fresh water would 
be absorbed during feeding and respiration. The evolution of efficient homeo- 
stasis, therefore, inevitably depended upon the development of a more elaborate 
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excretory mechanism in which the newly emergent, or at least increasingly 
efficient, force-pump — the heart — could play an important part. 

So, perhaps, arose the glomerulus (Fig. loi B). The blood was now driven 
continuously into an arteriole which entered the open nephrostome and which 
branched into a knot of semi-permeable capillaries. Through the glomeruli 
large quantities of fluid and salts could be eliminated into the renal tubule, 
while, at the same time, suspended blood cells and proteins (of larger molecular 



A B C 0 

Fic. lOT.— Exoretioo and osmotegnlation: Probable stages in the evcdntion ot the vertebrate 
nephron. A, the hyptithetical protovertebrate tubule drained the coelom through the open 
nephrostome (coelomostome) ; B, earliest vertebrates developed the glomerulus in loose association 
with the coelomostome as a more efficient excretory device under hydrostatic (blood) pressure; 
C, the glomerulus later became sealed in a Bowman's capsule, though with the retention, in 
some species, of a ccelomostome ; which has disappeared in advanced vertebrates (D) (see Fig. 
100). (After Homer Smith.) 

size) were conserved. The glomerular capillaries were in turn canalised back 
into the venous system. Indications of this arrangement occur in the em- 
bryonic piscine pronephros and persist in the pericardial cavity of the adult 
Myxine (p. 197). 

Probably an added refinement was the closure and invagination of the 
nephrostome (characteristic of the adult forms of extant vertebrates), possibly 
in association with an unmodified nephrostome (Fig. 101 C), which was later 
lost (Fig. loi D) upon the perfection of the apparatus of glomerular filtration 
and tubule reabsorption (Fig. 100), 
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Meanwhile paired internal channels arose to carry urine into the cloaca. 
With the emergence of such enhanced excretory efficiency, various alternative 
mechanisms for the discharge of gametes arose (Fig. 98). The transitional 
animalg referred to above had no need to conserve water; and in freshwater 
fishes of to-day tubule reabsorption appears to be very limited. Undoubtedly, 
the tetiapods inherited the glomerular apparatus through the crossopterygian 
line (p. 353) and have themselves come to adopt many interesting excretory 
specialisations in relation to later changes in habitat (e.g. see pp. 158, 548, 889). 
Fishes that took to the sea, on the other hand, were compelled to ingest salt 
water and developed a remarkable excretory apparatus at the gill-surface 
(p. 318) and so succeeded in maintaining the stability of .their internal environ- 
ment. In general (excluding the ureotelic elasmobranchs, p. 253), marine 
fishes have reduced their glomerular equipment and, it follows, urine output. 
Some species have become aglomerular (p. 347). 

The evolution of the glomerulus was concerned in an interesting way 
with advances in the venous system in general. The renal capillaries early 
received blood at low pressure from a variety of sources which contributed to 
the renal portal system that still persists in fishes, frogs, reptiles and, to some 
extent, in birds. It was advantageous that the blood flowing through the 
glomeruli should do so at relatively high pressure. The capillaries, after 
leaving the Malpighian corpuscles, unite with those canying blood from the renal 
portal system in a peri-tubule network, and thereafter the two groups cannot 
be distinguished. They unite as the renal vein and carry 'purified' blood back 
to the heart for re-distribution. In the Mammalia, however, the renal portal 
system has disappeared in the adult. The blood enters at high pressure through 
the renal artery (a branch of the dorsal aorta). The capillary network contains 
only post-glomerular blood, which is carried by the renal vein to the post-caval 
vein and the heart. 

The deodopmenl of the kidney reveals a resemblance to the coelomoducts 
of annelids (Vol. I) which would hardly be suspected from its adult structure. 
The pronephros (Fig. 98, A, p. nph.) originates as a small number of coiled 
tubes formed from mesoderm in the body-wall at the anterior end of the 
coelom. They are arranged metamerically, and each opens into the coelom by 
a ciliated funnel (ms/.). Obviously such tubes are coelomoducts. Their chief 
peculiarity is that their outer ends do not open directly to the exterior, but 
into a longitudinal tube, the pronephric or segmenial duct (sg. d.), which passes 
backwards, and discharges into the cloaca. It seems probable that this 
arrangement is to be explained by supposing that the coelomoducts originally 
opened externally into a longitudinal groove, which, by the apposition of its 
edges, was converted into a tube. All the tubules of the pronephros open, by 
their ciliated funnels, into the narrow anterior end of the coelom. Into this 
projects a branch of the aorta ending in a single large glomerulus or ‘glomus’. 
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The pronephros soon degenerates. Its tubules lose their connection with 
the pronephric duct (B), but in the meantime fresh tubules appear in the 
segments posterior to the pronephros, and together constitute the mesonephros 
or Wolffian body {B, ms. nph.). From this structure the permanent kidney is 
formed in most of the lower Craniata. The mesonephric tubules open at one 
end into the pronephric duct {sg. d.), at the other, by ciliated funnels {nst.), into 
the coelom. A short distance from the funnel each gives off a blind pouch, 
which dilates at the end and forms a Malpighian capsule (m. c.). A branch 
from the aorta that enters it gives rise to a glomerulus. 

In elasmobranchs the pronephric duct now becomes divided by a longitudinal 
partition into two tubes. One retains its connection with the mesonephros and 
is known as the mesonephric or Wolffian duct (C, ms. n. d.). The other has no 
connection with the tubules, but opens into the coelom in the region of the 
vanishing pronephros, and is called the Mullerian duct (p. n. d.). In most 
Craniata the Mullerian appears quite independently of the Wolffian duct. 
The latter is then simply the pronephric duct after its union with the meso> 
nephric tubules. 

In the higher vertebrates, from reptiles to mammals, a diverticulum {D, E, 
mt. n. d.) is given off from the posterior end of the Wolffian duct, and this 
grows forward and becomes connected with the hindmost tubules. In this 
way a metanephros {mt. nph.) is formed. This forms the permanent kidney 
and a metanephric duct {nU. n.d.), which gives rise to the ureter. The Wolffian 
body ceases its renal function, and becomes a purely vestigial organ in the 
female while its residue in the male provides the epididymis. 

In many fishes there is a dilatation of the mesonephric duct, the urinary 
bladder, which serves as a receptacle for the urine. In the higher Craniata the 
ventral wall of the cloaca sends off a pouch, the allantoic bladder {al. bl.), which 
serves the same purpose, although morphologically an entirely different 
structure. 

The gonads igon.) are developed as ridges growing from the dorsal wall 
of the coelom and covered by coelomic epithelium, from the cells of which, as 
in so many of the lower animals, the ova and sperms are derived. The testes 
consist of lobules (fishes) or tubules (tetrapods), lined with spermatogenetic 
epithelium, and usually discharge their products through delicate vasa efferentia 
(D, V. e.) into the Wolffian duct, but in some groups into the coelom {e.g. 
Petromyzon, p. 176). The sperms are always small, and motile. Between 
the tubules occur Leydig or interstitial cells which collectively form an endocrine 
gland which produces the male sex hormone {^stosterone) . The ovary is formed 
basically of connective-tissue or stroma. It is covered by specialised epi- 
thelium, certain of the cells of which become enlarged to form ova which 
become spread through the stroma. In the majority of cases the ova are dis- 
charged from the surface of the ovary into the coelom and thus into the open 
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ends of the Mullerian ducts (£, p. n. d.). These thus function simply as 
oviducts, having no connection in the adult with the urinary s}rstem. In 
some groups the ova and the sperms are shed into the coelom and escape by the 
genital pores, and in many bony fishes the ovary is a hollow organ (as in Arthro- 
poda (Vol. I)) discharging its ova into an internal cavity. From there they 
are carried by a duct that is continuous with the gonad. The ovary has 
specialised cells that produce female sex hormone (cestrogen). 

In close topographical relation with the urinogenital organs are found the 
endocrine inter-renal glands (p. 276) or, in tetrapods, adrenal {suprarenal) glands 
of compound structure and function. The adrenals are developed partly from 
ridges of the dorsal wall of the coelom, i.e. from mesoddrin, partly from the 
S3mpathetic ganglia. Adrenal tissue may be segmentally arranged in certain 
lower groups (p. 380). 

Development. — ^The ova of Craniata are usually telolecithal, but the amount 
of food-yolk varies within wide limits. When it is small in quantity, cleavage 
is complete but usually unequal, when abrmdant, incomplete, and discoidal. 
In the latter case the embryo proper is formed, as in cephalopods, from a com- 
paratively small portion of the zygote, the rest giving rise to a large yolk-sac 
and, in the higher forms, to other embryonic membranes. 

There is never a typical invaginated gastrula, as in Amphioxus, but in 
some of the lower Craniata a gastrula stage is formed by a‘ combination of 
inpushing and overgrowth. Details will be given in the sections on the various 
groups. 

The mode of development of the mesoderm and of the coelom differs strik- 
ingly from the process we saw in Amphioxus. At an early stage the mesoderm 
is found in the form of paired longitudinal bands (Fig. 102, A, msd.) lying 
one on each side of the middle line. Here they are separated from one another 
by the notochord {nch.), and completely fill the space between the ectoderm 
and the endoderm. Each mesoderm-band becomes differentiated into a dorsal 
portion, the vertebral plate, bounding the nervous system and notochord, and 
a ventral portion, the lateral plate, surrounding the mesenteron. The vertebral 
plate undergoes metameric segmentation, becoming divided into a row of 
squarish masses, somites or mesodermal segments {B, pr. v.). The lateral plate 
splits into two layers, a somatic {som.), adherent to the ectoderm, a splanchnic 
{spl.), to the endoderm. The space betw-een the two is the coelom {ccel.), 
which is thus a schizocaele, or cavity hollowed out of the mesoderm, and is, 
except in the head-region in the lampreys (p. 176), at no stage in communica- 
tion with the mesenteron, as are some of the ccelomic pouches of Amphioxus. 

In Lampetra, approximately the first score of segments are segmentally 
separate, sausage-shaped chambers extending from myotomes down to the 
bottom of the lateral 'plate' material so that this structure is not, in fact, a 
plate. Behind the anterior segments the ccelom arises in the lateral plate as a 
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continuous cavity (as in the higher Craniata) and there is no such segmentation 
of the lateral plate region posteriorly. The above points are of high phylo- 
genetic interest. 

In most craniates the coelom extends upwards into each somite. This 
arrangement is. only temporary, and these somitic cavities soon disappear. 
From the dorsal portions of the somites are formed the dermatomes (which give 
rise to the dermis) ; and the myotomes (from which myomeres develop). From 
their medial portions arise the sclerotomes. 

The development of the principal organs has been described in general 
terms along with a general account of the organs themselves. It will be 



Fig. 102. — Development: (A) earlier and (B) later embryos of frog. cael. coelom; cal'. 
prolongation of coelom into a somite; ent. mesentcron; med. gr. medullary groove; msd, meso- 
derm; nch. notochtird; pr. v. somites; sg. d, segmental duct; som. somatic layer of mesoderm; 
sp. c. spinal cord; spl. splanchnic layer of mesoderm; yk. yolk-cells. (After A. M. Marshall.) 


convenient to defer further consideration of this subject until we come to deal 
with the development of the various types of Craniata, and with the embryo- 
logical characteristics of the classes and sub-classes. 

Metamerism. — A tendency, more or less strongly marked, to a serial repeti- 
tion of parts is to be observed in a number of different systems of organs. In- 
stances of this have already been pointed out in the skeleton, and the muscular, 
nervous, and excretory systems. This phenomenon seems to lead to the con- 
clusion that the structure of the Craniata can be understood only when they 
are regarded as metamerically-segmented animals. 

Segmentation in the Craniata, however, is never visible on the exterior. 
Even in the case of organs which present metameric characters, the meta- 
merism often appears indefinite and uncertain. Thus the segmentation of the 
spinal column, which in the adult is most pronounced of all, does not coincide 
with the segmentation of the muscular and nervous system. Yet when we 
take the phenomena of embryonic development into account, it becomes 
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sufficiently clear that in the Craniata we are dealing with animals possessing 
a metameric segmentation of the same general type as that possessed by 
Amphioxus and that the apparent anomalies are. due to processes of secondary 
modification. 

It is in the trunk region that the metamerism is most strongly pronounced, 
and that more particularly in the lower groups. In the head there is great 
specialisation in co-ordination with the presence of the brain, the chief organs 
of special sense, and the mouth and jaws. Therefore, though there are in- 
dications of metamerism of various parts, it is only by the study of develop- 
ment that it is possible to interpret the structure of the head in terms of a 
metameric segmentation which becomes so much modified in the adult animal. 
When the development is followed out, it becomes evident that (as in the 
Arthropoda, Vol. I) the head in Craniata is formed as a result of a process 
of fusion between a number of metameres, the individuality of which is evident 
in early stages (more particularly among lower forms) and is most pronounced 
in the region behind the auditory capsules. 



SUB-PHYLUM CRANIATA (VERTEBRATA) 

INTRODUCTION 

V ARIOUS classifications of Vertebrata have been proposed, but agreement 
has been reached on only one point — i.e. that this great group is essen- 
tially divisible into two unequal sections : (i) TTie jawless Agnatha 
(composed of a small number of primitive but highly specialised fish-like 
animals), and (2) the Gnathostomata, which embraces all other vertebrates 
from the true fishes to the Mammalia, including Man. In the past each of these 
distinctive assemblages has been sometimes accorded the rank of sub-phylum, 
but, however radically they differ in their buccal and visceral skeletal anatomy 
in the adult, such an arrangement seems untenable when we consider the criteria 
on which the three more primitive chordate sub-phyla have been erected and, 
equally, when we survey the many fundamental similarities existing between 
these two craniate groups. In recent years there has been a tendency to consider 
the Agnatha and Gnathostomata as ‘ branches ‘ groups ', or ‘ super-classes ’ 
of a single, and final, sub-phylum of the animal kingdom, and that is the arrange- 
ment followed here. 

We are faced now, as we shall be confronted again, with the perennially 
vexed question as to what classificatory status various included groups should 
be accorded. For example, different authorities assign the Euphanerida (p. 
167) variously to Family, Order, and Class. At the present stage of our know- 
ledge, the conventional arrangements of many fossil, and even living, groups 
are essentially provisional and arbitrary. We shall see later, for example, that 
the 'Orders’ erected by ornithologists have no validity whatever when 
judged by criteria employed by ichthyologists and herpetologists. No 
arrangement in any group can hope to be universally agreed at the present 
time. As mentioned above, several opinions are available concerning the 
most valid form of representation within each branch of the sub-phylum 
Vertebrata.* 

^ Goodrich recognised three branches of craniates: the Ostracodenni, including all the fossil 
agnathans; the Cyclostomata, including the lampreys and hags; and the Gnathostomata. 
Stensid and Jarvik classify the Agnatha into the Sub-dasses Cephalaspidomorphi, including the 
cephalaspids, anaspids, and lampreys; and the Pteraspidomorphi, including the pteraspids and 
hags. Romer includes all except the pteraspids in the Sub-class Cephalai^idomotphi. 
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SUPER-CLASS AGNATHA 

Classes Euphanerlda (Silurian) 

Heterostraci (Pteraspida) (Ordovician-Devonian) 

Anaspida (Silurian-Devonian) 

Osteostraci (Cephalaspida) (Silurian-Devonian) 

Petromyzontia (? — Recent) 

Myxinoidea (? — Recent) 

It is almost certain that we know only a small proportion of the Agnatha 
that existed during the Palaeozoic. Further, next to nothing is known of their 
ancestiy'. The earliest known vertebrate relics come ftbm the Ordovician, 
and the nature of these makes it possible that the first vertebrate animals 
appeared in the Cambrian (Table I, p. 3). Opinion is sharply divided as to 
whether the first true vertebrates were fresh-water or marine in habitat. It 
is possible that the relatively strongly swimming vertebrates may have arisen 
in fresh water, where such powers would enable them to withstand river 
currents sweeping seawards. The vertebrate kidney, so different from the 
excretory apparatus of Amphioxus (p. 47), possibly arose during the slow 
colonisation of coastal and inland waters (p. 156), The earliest fresh- water 
chordates no doubt took in surrounding fluid by osmosis through the permeable 
regions of the body. The water had to be discharged. At the same time it 
was necessary for vital solutes to be retained, and waste metabolites to be 
discarded, if the integrity of the internal environment were to be maintained. 
Pioneer movement into brackish and fresh water would impose the necessity 
for considerable elaboration of the simple mesodermal funnels of excretion 
which carried fluid from coelom to the exterior. In any case there arose a 
device which made it possible for the pow’cr of the heart-pump to be used to 
eliminate unwanted fluid, and contained substances, through a filter (Fig. 100). 
This seems to have been at first a relatively simple knot of capillaries near each 
tubule mouth. Upon this basic regulatory mechanism there have been 
imposed the many modifications made necessary by the re-colonisation of 
sea-water, and the exploitation of land, including deserts and other environ- 
mental niches. A good case can be made out that all vertebrates, what- 
ever their habitat to-day, are of fresh-water ancestry (see Romer, Homer 
Smith). 

But even stronger evidence, perhaps, can be adduced for an opposite view 
(see Krogh, Watson, Robertson). While it is undeniable that most fossils of 
very early vertebrates so far discovered have come from fresh-water sediments 
(e.g. see p. 174), it is equally true that the earliest known remains (plates and 
scales of Middle Ordovician ostracoderms) were unearthed from sandstone 
that, judged by an associated, and indubitably marine, invertebrate fauna, 
was not of fresh-water origin. It has been suggested, but not established, that 
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these fragments are the remnants of fresh-water animals that were washed 
downstream and incorporated in littoral deposits. As indicated above, there 
have been suggestions that the powerful lateral body flexure of vertebrates 
would help the earliest fresh-water craniates to withstand currents tending to 
sweep them seawards. But it is perhaps equally easy to bdlieve that the 
development of such enhanced locomotion and stability could occur in the 
relative turmoil of the ocean, and that such pre-aiapted (p. 385) ancestral 
forms could then swim against estuarine currents to colonise the brackish and 
fresh-water streams and lakes in which so many have left their bones. 

It should be remembered too that all three protochordate groups, the 
Adelochordata (p. 5), Tunicata (p. 20), and Acrania (p. 47), are, and perhaps 
alwa3rs have been, restricted to the sea. Again, it is possible that the glomer- 
ular kidney (p. 101) existed in marine protovertebrates, thus additionally 
pre-adapting them for life in fresh water. Finally, the blood of some extant 
agnathans (myxinoids, p. 197) has an ionic constitution strikingly similar to 
that of the surroimding sea: ' this may well be a primary feature, derived 
directly from marine chordate ancestors ' (Robertson). 

The first vertebrate group of which numerous specimens are available is 
the Agnatha. The first common representatives of these were fresh-water, 
bottom-living animals of the Silurian (p. 3). Groups continued to expand 
during the Devonian, when they attained their maximum development. 
Between that time (some 270 to 300 million years ago), and the present day, 
little is known of them. Extant agnathans, unlike most of the early forms, 
lack bones, true teeth, and other durable parts, and that is probably why 
fossils are unknown. 

It has been sometimes claimed that the not uncommonly found conodonis 
are the teeth of unknown armoured agnathans. This is unlikely. Conodonts, 
however, should perhaps for the time being find a place in a volume of the 
present character, and this is probably the best place to discuss them. They 
are small (0*2-3 long), cone- or tooth-shaped, widely distributed, fossils 
which show a great deal of variation but fall possibly into two groups, laminated 
and fibrous. Their chemical composition is essentially bone-like and not very 
different from that of the armour of Devonian fishes (p. 285). Laminated 
conodonts occur in sedimentary strata from the Ordovician to the Triassic. 
Fibrous conodonts occur possibly only in Ordovician deposits and may re- 
present a distinct group. A highly suspect binomial classification has been 
erected, and subscribed to. in many of the several hundred papers dealing with 
conodonts. 

Conodonts seem to be formed by the accretion of material around a basal 
(but not pulp-) cavity. Radial canals, extending from cavity to surface, 
occur. The fibrous specimens often have very bone-like material attached to 
them. A few lamellar specimens have a similar attachment. There is some 
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evidence that conodonts were regenerated when broken, but they show little 
evidence of wear. 

These enigmatic objects have been variously held to be the branchial filters, 
or skeletal supports, of primitive vertebrates or, sometimes, the teeth of 
Agnatha or of primitive elasmobranch fishes. They have also been claimed 
to be the teeth, or copulatory organs, of worms. Some have believed them to 
be part of the armour of crustaceans or to be allied to the radular teeth of 
gastropods. Rhodes, the latest reviewer, concludes that : (i) 'if of vertebrate 
origin they may represent some group . . . other than fishes, now extinct, 
and, apart from the conodonts, entirely unknown’, or (2)"they may be mastica- 
tory organs of annelid affinity. Apart from their anatomy and chemistry, 
the one thing that is perfectly clear is that nobody at present has any real idea 
of their function or identity. 

The Agnatha, apart from their antiquity per se, are of great interest in 
possessing true bone in the oldest groups. It was for many years confidently 
held that cartilage was the forerunner of bone. To-day, however, it is now 
widely agreed, with de Beer, that bone is the more primitive material and that 
cartilage in the adult is probably a neotenous phenomenon. On paleeonto- 
logical evidence Romer has reached the same conclusion concerning its anti- 
quity. It has not yet been proved, but there are excellent reasons for suppos- 
ing, that cartilage may be essentially an adaptation of embryonic tissue in the 
adult form. Although it could be held that Silurian and Devonian dermal 
bone (as well as skeletal bone in the Cephalaspida) might be derived from car- 
tilage of an even earlier date, there is no doubt that the earliest known verte- 
brate fragments (from the Ordovician, about 400 million years ago) were 
ossified. Stensio believes it possible that bone arose as early as the Lower 
Ordovician, or perhaps even in the Upper Cambrian. There is no evidence of 
a progressive increase in ossification in any craniate group. 

The early agnathans were generally heavily armoured (Figs. 104, 105). 
There is no certainty why this was so. Their buccal arrangements reveal that 
they did not devour each other. The fresh-water forms were isolated from 
attacks by large predacious marine invertebrates. There is evidence, however, 
that large water-scorpions (Eurypterida, Vol. I) with formidable claws and 
mouth-parts existed in the same aquatic environment. These animals were 
allied to to-day’s arachnids, and reached a length of about 9 feet — perhaps 
the biggest size attained by arthropods. It is an interesting fact that when 
faster fishes came to replace the early slow-moving armoured agnathan t3q>es 
in the succeeding Devonian period, the emypterids also faded and disappeared. 
Homer Smith, on the other hand, believes that the armour of Silurian and 
Devonian forms was a defence against ‘ the osmotic invasion of fresh-water 
rather than the daws and tail-spines of eur3rpterids ’. ‘There is little doubt that 
dermal ossification would in fact provide suA defence; but it would seem that. 
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line leading to the lampreys This view, however, implies that Jamoyiius 
was secondarily naked. 

The unusual name Jamoytius is derived from that of the late J. A. Moy- 
Thomas, a distinguished worker in the present field who tragically died at the 
height of his powers. 

CLASS HETEROSTRACI (PTERASPIDA) 

A great deal is now known of the three armoured agnathan groups of the 
Palaeozoic. These, the Heterostraci, Anaspida, and Osteostraci, and probably 



Fig. 104. — Class Hetero- 
straci, Family Ptetas|iidse. 
PtemspiBrn Restoration of 
P. rostrata from dorsal (left- 
hand figure) lateral and 
ventral views, a. /. p. 
anterior lateral plate; b, p. 
branchial plate; c, p. corn- 
ual plate ; d, d. dorsal disc ; 
d. $p. dorsal spine ; o, p, oral 
plate; or. p. orbital plate; 
pi, pineal plate; p. L p. 
posterior lateral plate; r. 
rostrum; v. d, ventral disc. 
(After E. 1 . White.) 


the naked lampreys and hags as well, are clearly related. None, however, 
appears to have been directly derived from another. Each stock probably 
branched successively from the ancestral stem in the order used below. 

The Heterostraci, although probably more advanced than the Euphanerida 
(see above), are known to have existed in the Middle Ordovician, from which 
plates of Astraspis have been described. Such animals (e.g. Pteraspis, Fig. 
104) were apparently seldom more than a foot long, although some grew to a 
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length of 5 feet. They became more plentiful in the Upper Silurian and Lower 
Devonian and persisted into the Upper Devonian. They possessed a broad, 
depressed head protected by a carapace of exoskeletal plates. The eyes were 
widely separated, and lateral in position. There was a sub-ventral mouth at 
the extreme anterior end of the body which was equipped with probably mobile 
plates. White has suggested that this buccal apparatus was protrusible and 
able to scoop up bottom-mud and the contained organic material that served 
as food. 

There were no fins on the body. The tail behind the carapace was laterally 
compressed , downwardly turned {hypocercal ) , and protectively covered with over- 
lapping rhomboid scales of the same composition as the plates of the carapace. 
The Heterostraci differed widely from the Osteostraci (see below) in several 
essential points. There are no traces of a median nostril and there are strong 
indications that the olfactory organ was a paired structure opening into the 
roof of the mouth. The plates and scales lacked bone-cells. The plates 
were formed of three layers, of which the outer was composed of a substance 
allied to dentine. The middle layer was formed of vascular ‘bone’; the 
lower was laminated. The gill-pouches, apparently of the adult cyclo- 
stome pattern, united as a single exhalent pore placed rather far back on the 
sides of the carapace. There was no sign of the complicated and prominently 
innervated sensory’ organ formerly thought to be one of electrical discharge 
(Fig. 108, p. 173). 

The four groups which form the Heterostraci (Paleaspid®, Cyathaspids, 
Pteraspid® (Fig. 104), and Drepanaspid® (Fig. 105)) were distinguished from 
one another by the number of plates in the carapace. The Paleaspid® had 
an undivided upper shield ; the Cyathaspid® had it divided into four plates ; 
the Pteraspid® nine and the Drepanaspid® twelve major and many smaller 
plates. 

A description of Pieraspis rostraia, a species of the best-known genus, will 
serve for the remainder. The carapace was somewhat elongated and rect- 
angular in section. The dorsal surface was composed of nine plates, of which 
three, the rostral, pineal, and large dorsal, were unpaired. The remaining six 
plates formed three pairs. These are the orbital (in which lay the eye-sockets), 
the branchial (with the single gill opening at the posterior border), and just 
behind these, the cornual plates. In the adult all these plates were bound 
together by a fusion of their inner lamin®. There was a prominent median 
spine inserted at the base of the dorsal disc. On the ventral surface, a large 
unpaired plate covered most of the area except for a number of small oral 
plates round the lower border of the mouth. Immediately behind these were 
three pairs of small plates, the post-oral and the anterior and posterior laterals. 
The trunk was covered with thick rectangular scales and there was a series of 
thom-like scales along the upper and lower surface. From impressions of the 
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internal surface of the upper carapace it seems dear that there were seven 
pairs of gill pouches. An X-like impression just behind the pineal opening has 
been interpreted as evidence of two semicircular canals (see p. 145) on each side. 
There was a prominent lateral line S57stem (see p. 135). 



Fic. 105. — Class Heteiostnd, Family Orepanstpidas. Drepanaapis. Dorsal and ventral 
views. D. gemundencnsis. C, cornual plate; D, median dorsal plate; ventral oral 

plates: 0 ,- 0 „ ocular plates; R, rostral plate; V, ventral plate; B, branchial plate. (From 
Stensid, after Kia:r.) 


CLASS ANASPIDA 

Anaspids share some characters with the pteraspids but show a greater 
resemblance to the cephalaspids (Osteostraci) although, it should be emphasised 
again, they sprang from a common ancestry and were derived from neither. 
They were hsh-shaped animals, a few inches long, with a downwardly turned 
tail (hypocercal) (Fig. 106). The internal, presumably cartilaginous, skeleton 
is unknown, but a highly developed dermal skeleton was present. The scales 
on the head were small and showed a complicated arrangement which differed 
in pattern in different genera. The scales on the trunk were arranged in lateral 
and ventral series, which, with a set of tall lateral scales, showed great resem- 
blance to the condition found in cephalaspids, as does also the mode of their 
articulation. There are no paired appendages, unless a pair of pectoral spines 
represented them. Tliere was an anal spine, and a series of ridge spines along 
the dorsal surface. The eyes were lateral, and the pineal and naso-h3^physiaI 
openings were placed on the top of the head in relatively the same position as 
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in the cephalaspids. A series of gill openings, varying in number in different 
genera, were placed in front of the pectoral spine. The mouth had a shape 
that resembled that of jawed animals, but there is no evidence that jaws 



Fig. 106.— Order Anaspida, Family Biikeniidse: tthyneholepis parvulus. (After Kiser. 

existed. Lasanius, from the Upper Silurian, was almost unarmoured except 
for dorsal and pectoral spines. There were several groups. Birkenia, Rhyncho- 
lepis (Fig. 106), Saarolepis (= Anaspis) are typical genera. 


CLASS OSTEOSTRACI (CEPHALASPIDA) 

The cephalaspids (Fig. 107) had developed prominent ‘ pectored fins ’ and 
a heterocercal tail. Much splendidly preserved material has been discovered, 
allowing a relatively clear picture of their essential features. They were 
bottom-living animals with a single naso-hypophysial opening placed far back 





Fig. 107. — Order Osteosttaci. Family Cephalaspidte. /lemfcpclaapfs. H. murchisoni. Z), 
dorsal fip; d. cr. dorsal crest of trunk ; srf. cr. dorsal scutes ; P/>/. pineal plates ; fclr. sclerotic ring; 
/s/. lateral ' sensory field ’ ; iVc. pectoral fin; caudal fin. (After Stensid.) 


on the head. The head region was expanded and flattened. It was protected 
by a hard, bony carapace or head-shield which was often ornamented with 
tubercles, and usually produced on each side into a backwardly directed 'horn' 
which left a bay, or pectoral sinus, between itself and the trunk. Beneath the 
true dermal bone in at least some cephalaspids there occurred a fragile and 
continuously ossified endocranium, equally curious both in shape and constitu- 
tion. This was usually cartilaginous in later forms. The body was protected 
by rows of scales in which true bone-cells were present. A dorsal fin occurred. 
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Two Orders, Cephalaspidiformes (Fig. 107) and Tremataspidiformes, are 
generally recognised. 

In Cephalaspis, the most completely known genus, there was, as mentioned 
above, a pair of lobed appendages arising from the pectoral sinus on each side. 
These were neotnorphs, and therefore not homologous with the pectoral fins of 
vertebrates. Of the internal anatomy, too, a good deal is known. The brain, 
with its ten pairs of cranial nerves, was closely comparable with that of the 
living cyclostomes, but in addition there was a well-developed S5rstem arising 
in the acoustico-lateralis region. From here five pairs of stout vessels ran to 
depressions on the upper surface of the head-shield. . By analogy with such 
modem forms as torpedoes (p. 271), Stensio suggested that these nerves and 
depressions formed a kind of electric organ (Fig. 108). 

There are good reasons for believing this theory to be invalid. Westoll 
has reinterpreted the so-called ‘ electric fields ’ as a sensory organ. He be- 
lieves them probably to have been ‘ receptors of vibrationary stimuli con- 
sisting of invaginated pockets, probably derived from placodes, and richly 
supplied by neuromast organs innervated by the acoustico-lateralis system. 
In short, they possibly compensated for the relatively reduced lateral line 
system (p. 135), which was in them much less extensive than that of the 
Heterostraci existing in the same habitat. Watson, too, is of the opinion 
that they may constitute a sensory apparatus that might allow ‘ pressure 
waves incident on the head to be conveyed along the fluid-filled canals to the 
ear ’. 

Cephalaspis was a bottom dweller. The eyes were placed dose together on 
the top of the cephalic shield, with the pineal aperture between them. It is 
possible that the pineal was a photoreceptor which helped the animal gauge the 
depth of water and, by means of pituitary hormones, protectively control its 
colour in a manner comparable with that of the ammocoete larva of Petromyzon 
(p. 196). The naso-hypophysial opening was a little anterior to the pineal 
aperture. (See p. 345.) 

The ventral mouth was followed on each side by ten pairs of gill-pouches, 
of which the first two (anterior and spiracular gill-cleft) were innervated by the 
ophthalmicus profundus and trigeminal nerves respectively. Each such nerve, 
then, was in Cephalaspis a typical branchiomeric nerve, i.e. one associated with 
a functional gill-slit. We will see that in jawed animals (pp. 205, 210) these 
nerves supply apparently quite unrelated structures (».e. the snout and jaws). 
This remarkable change in situation and function has been dictated by the 
enlargement of the mouth and buccal cavity in relation to the shift to macro- 
phagous habits. The comers of the mouth migrated backwards, obliterating 
the first, and absorbing the second, pairs of gills (Fig. 137). For many reasons 
it now appears certain that in this way the mouth came into proximity with 
the branchial arch (posterior to the second pair of previously functional gills) > 
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Fig . toS.---Osteoitrioi: Cranial anatomy of urifemispia. 

upper left: top view of head and anterior part of trunk region: deo. dorsal sensory (supposed 
'electric') organ; leo, lateral organ; n. opening of single dorsal nostril and h3rpophysis; 0. orbit: 
p. pineal opening. 

Lower left: diagrammatic dissection of top of head, to show brain, nerves, and sense organs. 
Nerves to sensory organ shown on the left; other major nerves (numbered) on right, arranged 
in a series corresponding to the gilt slits, c. Cerebellum; d. nerve to dorsal sensory field; f. 
orbit; /.forebrain; m. midbrain; mo. medulla oblongata; n. opening for nostril and hypophysis; 
0. ear region (two canals). In this and the next figure Roman numerals indicate cranial nerves. 

Upper right: restoration of ventral surface of head, with the plates covering the throat re- 
nioved. showing the ten gill sacs and the small, anteriorly placed mouth, dpr. mouth; ibs, 
partitions between gill sacs; kebr, ducts from gill pouches to surface; oes, oes^hagus; psg. a 
prespiracular gill pouch lost in higher vertebrates; rpm, rostral region in front of giUs; sg, gill 
pouch corresponding to the spiracle of higher fishes; vm. muscles of gill pouches. 

Lower right: restoration of ventral surface of head, covered by small plates: ebre, opening of 
the gills; iit. mouth. (From Romer. after Stensid.) 
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and the skeleton of this arch and its musculature came to be modified into a 
powerful masticating apparatus, i.e. the modem jaw. 

In Cephalaspis the whole of the ventral mouth and gill region was supported by 
a system of small, tessellated, bony plates, constituting the oro-branchial area. 
The considerably expanded gills had nothing in common with those of fishes. 
It has been suggested that their structure resembled that found in lampreys of 
to-day (p. 175) or, alternatively, perhaps that of the ammocoete larva (p. 196). 
It is generally held that ostracoderms strained organic particles from debris 
sucked in from the floor of fresh-water lakes and streams : the small ventral 
mouth, dorsal eyes, and generally flattened form point 't6 this conclusion. 

The Osteostraci ranged from the Upper Silurian to 
the Upper Devonian, and a considerable number of 
genera and species is known. They showed great 
variation in the proportions of the cephalic shield and 
in its ornamentation. Representative genera are 
Cephalaspis, Hetnicyclaspis, Ateleaspis, Benncviaspis, 
Kiceraspis (Fig. 108), Didymaspis, Thyestes, and others. 

The tremataspids differ from other cephalaspids 
chiefly in the absence of the pectoral sinus, and, in con- 
sequence, of the paired appendages. The cephalic shield 
was well develojied, and extended backwards on to the 
trunk. The lateral sensory fields were divided into 
anterior and posterior portions. The members of some 
genera of the Cephalaspidiformes were transitional in 
shape ; the two groups were clearly allied. 

THE ' C(ELOLEPIDA ' 



Fig. 109. — hanarhia 
spinosttf possibly related 
to the Heterostraci and 
iormerly often placed with 
'Order' Ccelolepida. Re- 
stored outline in the posi- 
tion in which it occurs as 
a fossil, the head being 
flattened and the tail 
twisted round so as to ap- 
I)ear in profile. On each 
side a much-enlarged der- 
mal denticle is shown. 
(From the Cambridge Natu- 
ral History, after Traquair.) 


Several genera of small fish-like animals which 
usually appear as flattened impressions with a broad 
head-region, a somewhat fusiform body, and a hetero- 
cercal or hypocercal {e.g. Ccelolepis) tail have been de- 
scribed. They occurred from the Upper Ordovician to 
the Devonian. Their armour appeared to be restricted 
to minute denticles (Fig. 109) that produced, in some 
forms at least, a shagreen surface perhaps not unlike 
that of selachians (p. 267) . It has often been considered 
that the ‘ Ccelolepida ' forms a single well-defined 


assembly. Westoll, however, has made it very probable that two or more 


structurally distinct groups exist. One such is represented by Thelodus and 


Lanarkia (Fig. 109) and another by Cephalopterus. 

The first group were related to the Heterostraci and the second to the 
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Osteostraci. Other forms {e.g. Phlebolepis, Coclolepis) showed certain resem- 
blances to the Anaspida. It is still uncertain whether the ccelolepids represent, 
or include (i) forms that belonged to each of the above groups and never 
became ossified, (2) secondarily unossified types that descended from armoured 
ancestors, and (3) the ' larval ‘ stages of animals that might have developed 
dermal ossifications at a later stage of their development. 

EXTANT AGNATHA (CYCLOSTOMATA) 

Lampreys and hags, the only surviving agnathans, are often grouped to- 
gether in the Class or Order Cyclostomata, distinguished from all other living 
craniates by the possession of pouched gills and a single nostril, and the 
primitive absence of jaws or paired fins. However, such features, which are 
shared with one or other of the fossil groups, do not provide evidence that hags 
and lampreys are more closely related to each other than they are to the 
earliest agnathans. It seems i)robable that the lampreys are related to a 
cephalaspid-anaspid stock, but the affinities of the hags are very doubtful. In 
view of this it is advisable to regard the Cyclostomata as a ‘group of con- 
venience ’ and to treat the lampreys and hags as separate Classes of the Agnatha. 

CLASS PETROMYZONTIA 

This group comprises the lampreys, Agnatha with a round sucking mouth, 
a pharynx which ends blindly, and (like the cephalaspids) a naso-hypophysial 
sac opening by a single nostril on the dorsal surface of the head. There are 
about half a dozen genera, differing from one another only in minor anatomical 
features. Pelromyzon (Fig. no) occurs on both coasts of the North Atlantic, 
and Enlosphcnus on both coasts of the North Pacific. Gcolria occurs along the 
-southern coast of Australia, and in New Zealand, Chile, and Argentina. 



Fig. no.- Class Petromysontia, Family Petiomyaonito. Petromysou, Adult Lamprey 
IP. marinus). b.f. buccal funnel; c.f. caudal fin; cl. cloaca; d.f.^ , ^ ist and and dorsal fins; g. ex- 
ternal gill aperture; /. /. lateral line organs; n. nasal aperture. (Drawn by R. Strahan.) 


Mordacia is restricted to the Southern Pacific. The remaining genera, all 
Holarctic, appear to be degenerate descendants of the Northern genera already 
mentioned. 
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EXAMPLE OF THE CLASSf- 
THE LAMPREY {PETROMYZON) 

Three species of lamprey are common in European river systems. The 
Sea-lamprey {P. marinus) attains a length of a metre, the Lampem, or common 
fresh-water lamprey (Lampetra fluviatilis), reaches a length of about 90 cm., 
and the Sandpride, or lesser Fresh-water Lamprey (L. planeri), does not exceed 
45 cm. in length. 

Two quite different phases occur in the life-cycle of Petromyzon. The larval 
phase or ammoccete feeds oh microscopic particles by means of an endostyle 
not unlike that of Amphioxus. The adult has a s uctorial mouth, and a r^pii^ 
apparatus that enables it to cling to fishes and feed on their tissues. Com- 
paratively little is known about the habits and life-cycle of even the common 
species. The adult lives in the sea for most of its life. It attaches itself to a 
lish, rasps away some of the host tissue, and then feeds on its blood. It is often 
found in this situation when the host is caught. At the onset of its single 
breeding .season it migrates coastwards and ascends a river into fresh water. 
In Europe this occurs in the autumn, when great numbers of L. fluviatilis 
invade favoured streams. They are not infrequently used as food, though 
more particularly in past eras, as the sad fate of Henry I of England will recall. 

In .some instances they ascend rapids in their urge to reach the breeding- 
ground, and cling to the rocks with their suckers between leaps forward and 
upward. During this migratory phase the gut atrophies and they cannot feed. 
They are sustained by fat reserves accumulated sub-cutaneously and in the 
body-muscles. Towards the end of winter the gonads become mature. Secon- 
dary sexual characters develop — a prominent anal fin in the female, and a 
penial-tube and a thickening at the base of the dorsal fin in the male. 

In the spring, lampreys aggregate in pairs in shallow spawning-grounds 
and build their nests. They move stones from the stream-bed with their 
suckers and construct a sandy floor with a crescentic ridge on the downstream 
border. Although copulation occurs (the male clinging to the female by means 
of its buccal funnel), fertilisation is external. Both eggs and spermatozoa 
(which are ejected through the penial tube and are very short-lived) are ex- 
truded into the surrounding water, whence they are carried by the current into 
the interstices of the stony rim of the nest. After each of the numerous short 
matings, sand is stirred up from the floor of the nest by vigorous tail move- 
ments, and this serves to embed the eggs more firmly among the stones. It is 
said that the seasonally developed anal fin of the female assists in this operation. 
When spawning is completed, the adults drop away from the nest and die within 
several days. 

It is of great interest that lampreys that inhabit lakes in North America 
(where their ancestors were isolated) have successfully adapted themselves to 
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m.m.. 


live their whole lives in fresh water, but nevertheless move a few miles up 
lake-side streams at the onset of the breeding season. 

External Characters. — ^The head and trunk (Figs, no, in) are nearly 
cylindrical, with the tail-region compressed or flattened from side to side. At 
the anterior end, and directed downwards, is a laige, basin-like depression, the 
bttccal funnel (6. /.), surrounded by a marginal membrane {m. tn.) outside of 
which arise the overlapping oral fimbria (o.f.) and the longer, sensory cirri (c.). 
The inside of the buccal funnel is beset with radiating rows of yellow horny 
teeth (». 0., 1 . 1 ., s. 0.). The teeth rest on cartilaginous pads and are principally 
mesodermal in origin, and therefore not homologous with true vertebrate 
teeth, which first appear in fishes. 

From the bottom of the buccal 
funnel there projects a prominence, 
the so-called ‘ tongue ’, bearing even 
larger homy teeth (/. t.), and having 
immediately above it the narrow 
mouth (m.). On the dorsal surface of 
the head is a single median nostril 
(n.), and immediately behind it a 
transparent area of skin indicates the 
position of the pineal organ. The 
paired eyes have no eyelids, but are 
covered by a transparent area of skin. 

The gill-slits (g.) are seven pairs of 
small apertures on the sides of the 
head, the first a little behind the eyes. 

On the ventral surface, marking the 
junction between trank and tail, is the 
very small anus lying in a slight de- 
pression. Immediately behind it is a small papilla pierced at its extremity by 
the urinogenital aperture {cl.). There is no trace of paired appendages. Two 
dorsal fins of approximately equal dimensions (separated by a notch) and a 
caudal fin are present, the second dorsal being continuous with the caudal. All 
these fins are median and unpaired. As previously mentioned, the sexes during 
the period of gonad maturation can be distinguished by the number and structure 
of the fins and, in addition, by the appearance of a penial tube in the male. 
This is formed by the junction of the cloacal margins. At this period, too, the. 
cloacal margins of the female become distended and sometimes reddened. 
The skin is soft and slimy and, as in Myxine, lacking in exoskeletal structures 
(Fig. 1X2). Among extant forms scales, like true teeth, do not appear imtil 
we ascend fiuther the chordate stem. Keratin (p. 85) does not occur in the 
epidennis although it possibly forms the caps on the ‘teeth’ (p. 184). As the 
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Fig. III. — Petromyzon: Buccal humel. 

c. cirrus; i, o, infra>oral tooth plates; /. (. 
lateral bicuspid tooth; m. mouth; m. m, 
marginal membrane; o. f. oral brnbriae; s. o. 
supra-oral tooth; t. t, tongue tooth. (Redrawn 
after Bigelow and Schroeder.) 
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outermost layers of the epidermis become worn away by abrasion, new cells are 
added by division of those at the base of the layer. Thus, these forms differ 
from Amphioxus and resemble the higher vertebrates in their possession of a 
several-layered, more durable, epidermis. Underlying the epidermis is a layer 
of collagen and elastic fibres which forms the cutis. This layer contains also 
pigment-cells or chromaiophores. The pigment in these star-shaped cells changes 



Fig. 112, — Myxine: Integument. Vertical section showing structure and cell- types in Af. 
glutinosa, a. t. adipose tissue; b. v. blood vessels; c, t,f. connective tissue fibres; d. dermis; e, 
epidermis; m. c. mucous cell; p. c. pigment cell; /. c. thread cell. (Thread cells are peculiar to the 
Myxinidae. Their mucous cells are atypical in that the nucleus lies in the centre of the cell 
(cf. Fig. 1 13, i). (Drawn by G. H. O. Burgess.) 


its position under various conditions of illumination. Thus the ' colour ’ of the 
lamprey changes from pallid to dusky and vice versa. This faculty is particularly 
well shown in the larva (p. 196). 

The epidermis is equipped also with numerous unicellular glands which 
secrete a slime which makes Petromyzon difficult, or impossible to hold with the 
bare hand. In addition, two other types of secretory cell are formed (Fig. 113). 
One, the granular cell, is of yet unknown function. The second, the dub cdl 
(Kolbenzelle), is an elongated cell with hyaline cytoplasm. These are found also 
in certain teleosts, notably in Anguillidse (eels). There have been suggestions 
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that club cells are neural (but fibres have not been demonstrated to end in 
them), or scab-forming (but at least in AnguUla and Tinea such is not the 
case). On the other hand, there is evidence that club cells contribute to the 



Fig. 113. — mtegainent: Eh^itomialoeUi of agnaihaiu and fishes, i. Mucous cell of Solmotm/to; 
2. club cell of Conger conger', 3. thread cell of Myxine glutmosa) 4. granular cell of Peiro- 
myzon marinus. 

c. C3rt^lasm; g. granules; «. nucleus; wi, mucus cell; L ‘thread’ in thread cell. (Drawn by 
G. H. O. Burgess.) 

sliminess of eels in which mucous cells are present only in relatively small 
numbers. 

The segmental sense-organs take the form of a lateral line (p. 136). These 
organs are restricted to fishes and fish-like vertebrates (including tadpoles of 
Amphilna). In lampre3rs, lateral line oigans are not enclosed in a canal, but 
are exposed to the exterior. 
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Endoskeleton. — ^The axtal skeleton of the trunk is simple. There is a per- 
sistent notochord (Fig. 114, nc.) with a tough sheath composed of an inner 
fibrous and an outer elastic layer. This longitudinal central rod probably pre- 
vents the body from shortening when the muscle segments contract and drive 
the animal forward. Attached to the sides of the notochord are small, vertical, 

rods of segmentally arranged 
cartilage, bounding the spinal 
canal on each side, and which 
correspond to the rudimentary 
neural'aJnd intemeural arches. 
In the caudal region these fuse 
into a single plate perforated 
by foramina for the spinal 
nerves and send off processes 
to the base of the fin. For 
the rest of its length the spinal 
canal is enclosed only by 
tough, pigmented connective- 
tissue. Slender rods of carti- 
lage support the median fins. 

The cranium also is primi- 
tive in structure. Its floor is 
formed by a basal plate (Fig. 
115, &. pi.), made by the union 
of the parachordals and trabe- 
culae, surrounding posteriorly 
the anterior end of the noto- 
chord. Immediatelj' anterior 
to the notochord is a large 
aperture, the basi-cranial fon- 
tanelle (6. cr, /.), due to the 
non-union of the posterior ends 
of the trabeculae. Through 
this passes the naso-hypophy- 
sial sac (Fig. 118, na. hyp.-. 
Fig. 121, pty. p.) extending 
from the olfactory sac to the ventral surface of the notochord. Laterad 
walls extend upwards from each side of the basal plate, but the roof of the 
cranium is formed by membrane except at one point. Here a narrow transverse 
bar {cr. r.) extends across between the side-wadls and furnishes a rudimentary 
roof. United with the posterior end of the basal plate and forming the end 
of the neurocranium are the otic capsules (Fig. 115, au. c). The side-walls are 
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Fig. 1 14. — Petrotnyzon: Trank region. Transverse 
section, cd. posterior cardinal vein; c. t. connective 
tissue; c. r. cartilaginous rods (' fin rays '); d. ao, dorsal 
aorta; /. c. fat column; in/, intestine; i. v. intra-intestinal 
vein; mes. mesonephros; mes. d. mesonephric duct; my. 
myotome; n. ca. spinal canal; nc. notochord; s-c. s. sub* 
cardinal venous sinus; sp. c. spinal cord; sp. v. spiral 
valve; /s. testis. (Drawn by R. Strahan.) 
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pierced by apertures for the cranial nerves. So far the skull is typical, though 
extremely simple; its remaining parts, however, are in many cases very 
difficult of interpretation. 



enx 

Fig. 1 1 5. — Petromyzon : Skull. Dorsal {A ) , ventral ( I?) , and sectional (C) views of P. marinus. 
The cartilaginous parts are dotted, a. d. c. anterior dorsal cartilage; an, c, annular cartilage; 
au. c. auditory capsule; b, cr.f, basi-cranial fontanelle; b, pi, basal plate; cn, e, cornual cartilage; 
cr. r. cranial roof; n. a. neural arch; na. ap, nasal aperture; nch. notochord; Nv, 1, olfactory 
nerve; Nv. 2. 5. and 8. foramina for the optic, trigeminal, and auditory nerves; Nv trigeminal 
nerve; olf, c, olfactory capsule; p. d. c, posterior dorsal cartilage; p, lal, c. posterior lateral 
cartilage; sb, oc. a, sub-ocular arch; st. p. styloid process. (After W. K. Farker.) 

The olfadory capsule (olf. c.) is an unpaired concavo-convex plate which 
supports the posterior wall of the olfactory sac and is pierced by paired apertures 
for the olfactory nerves. It is unique in being united to the cranium by fibrous 
tissue only. Extendit^ outwards and downwards from each side of the basal 



i 82 


ZOOLOGY 


plate is an inverted arch of cartilage, called the subocular arch (Figs. Ii6 and 
117 , s. 0. a.) because it supports the eye. From its posterior end a slender 
styloid process (st. p.) passes directly downwards and is connected at its lower end 



Fig. I iC>.—Peirotnyzon : Skull and branchial basket in adult. P. marinus. a. d. p. anterior 
dorsal plate; a. 1. c, anterior lateral cartilage; an. c. annular cartilage; hr.^ ist branchial bar; corn. c. 
cornual cartilage; cr. w. cranial wall; ep. h. epitrematic bar; ex. hy. extrahyal bar; g. ap. gill 
aperture; hy. b. hypotrematic bar; ling. c. lingual cartilage; m. v. b. median ventral bar; m. v. c. 
median ventral cartilage ; «. a. neural arch; ttc. notochord ; o//. olfactory capsule; o/. otic capsule ; 
p. d. p. posterior dorsal plate; per. c. pericardial cartilage; p. 1. c. posterior lateral cartilage; 
s. c. h. subchordal bar; s. 0 . a. subocular arch; st. c. styloid cartilage; sty. c. stylet cartilage; trab. 
trabecula; v. p. vertical pillar of subocular arch. (Modified after Parker.) 


trsb. ot 



Fig. 1 1 7. — Lampetra : Skull during metamorphosis. (Tongue skeleton omitted.) L. planeri. 
a. d./>. anterior dorsal plate; an. r. annular cartilage; 6r.j jst branchial bar; corn. r. cornual cartilage; 
cr. w. cranial wall; ex. hy. extrahyal bar; nc. notochord; o//. olfactory capsule; ot. otic capsule; 
pch. parachordal; p. d. p. posterior dorsal plate; p. 1. c. posterior lateral cartilage; s. o. a. sub- 
ocular arch; st. c. styloid cartilage; sty. c. stylet cartilage ; trab. trabecula; trab. c. trabecular com- 
missure ; V. p. vertical pillar of subocular arch. (Drawn by R. Strahan, reconstructed after Damas.) 

with a small cornual cartilage [corn. c.). These two cartilages arise in a similar 
manner to the skeleton of the gills and probably represent the reduced arch 
of the mandibular somite. The styloid process has been identified with the 
extra-mandibular cartilage of gnathostomes (p. 203), and the cornual cartilage 
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may possibly represent the mandibular cartilage. In close relation with the 
angle of the subocular arch is an upwardly directed plate, the posterior lateral 
cartilage {p. 1 . c.). 

Connected with the anterior end of the basal plate is the large bilobed 
posterior dorsal plate {p. d. p.). Below and projecting in front of it is the 
anterior dorsal plate {a. d. p.). Also supporting the upper lip are the paired 
anterior lateral cartilages (a. 1 . c.) which arise in the premandibular somite and 
possibly represent the internal visceral arch of that segment. The great ring- 
shaped annular cartilage [an. c.) supports the edge of the buccal funnel and 
carries at its sides two backwardly directed rods, the stylet cartilages [sty. c.). 



Fig. 1 18.— Peiromyzon: Head region of adult. (Diagrammatic half-section.) -a. d. p. anterior 
dorsal plate; an. annular cartilage; ap, apical cartilage; atr. atrium; J^uccal funnel; hr 
brain; coel. coelom; gon. gonad; g. op. opening to gill; hs. hydrosinus; int, intestine 
/. liver; ling. c. lingual cartilage; m. v. b. median ventral bar of branchial skeleton 
m. V. c. median ventral cartilage (copula) ; na. nostril; na. hyp. naso>hypophysial duct; nc. noto 
chord; ces. oesophagus; o. f. oral fimbriae; olf. olfactory capsule; p. d. p. posterior dorsal plate; 
per. c. pericardial cartilage; ph. pharynx; s.c. spinal cord; 1. 1 . tongue teeth; veL velum; vel. t. 
velar tentacles; vent, ventricle. (Drawn by R. Strahan.) 


The ‘ tongue ’ is supported by a long unpaired lingual cartilage (Fig. 118, lin^. 
c.). This is tipped in front by a small median, and a pair of still smaller lateral, 
cartilages. Below it occurs a slender T-shaped median ventral cartilage [m. v.c.). 
The visceral skeleton differs remarkably from the ordinary craniate type and 
has many elements which cannot be homologised with it. It is most probably 
represented in the extra-branchial cartilages of the lower gnathostomes, the 
inner series, which forms the bulk of the branchial skeleton, being absent from 
the post-mandibular segments in the lamprey. 

The visceral skeleton consists of a branchial basket formed, on each side, 
of nine irregularly curved vertical bars of cartilage (Fig. 116, The 

first is placed almost immediately posterior to the styloid cartilage and is 
homologous with the extra-hyal cartilage of elasmobranchs (p. 219). The 
second lies immediately in front of the first gill-deft, and the remaining seven 
just behind the seven gill-defts. These bars are united together by four 
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longitudinal rods. One, the subchordal bar (s. c. b.), lies alongside the noto- 
chord and is connected in front with the cranium. Two others, the epitre- 
matic bar {ep. b.) and hypotremalic bar (hy. b.), are placed respectively above and 
below the gill-clefts. The fourth, the median ventral bar {m. v. b.), is situated 
close to the middle ventral line and is partly fused with its fellow of the opposite 
side. The posterior vertical bar is connected with a cup-like pericardial 
cartilage {per. c.), which supports the posterior and lateral walls of the peri- 
cardium. The whole branchial basket lies external to the gill-pouches and 
branchial arteries, not, like typical visceral arches, in the walls of the pharynx. 

The median fins are supported by delicate cartilagirtous rods (Fig. 114, c. r.J 
Fig. 125, cr.). These are more numerous than the myomeres, and lie parallel toi 
one another in the substance of the fin, extending downwards to the fibrous' 
neural tube. The structure of the cartilage is peculiar and varies in different 
parts. It has very little matrix. Such rods are probably not homologous 
with the fin-rays of true fi.shes (p. 307). 

The muscles of the trunk and tail are arranged in myomeres which take a 
zigzag course. In the branchial region they are divided into dorsal and 
ventral bands, which pass respectively above and below the gill-slits ; but in 
the trunk there is no division into dorsal and ventral parts. A great mass 
of radiating muscle is inserted into the buccal funnel, and the ‘tongue’ has 
an extremely complex musculature which derives its nerve-supply from the 
trigeminal nerve. 

Alimentary Canal and Associated Structures. — The teelA are laminated homy 
cones. Beneath them lie mesodermal papillae (covered with ectoderm) which 
bear a superficial resemblance to the germs of true calcified teeth. When 
worn out they are succeeded by others developed at their bases. Opening 
into the mouth below the tongue are paired ducts which lead from the two 
buccal glands. These are embedded in the basilaris muscles and appear to 
secrete a substance which prevents the coagulation of the blood of the host. 
The mouth leads into a buccal cavity (Fig. 118, b. /.) formed from the stomo- 
daeum of the embryo, and communicating behind with two tubes placed one 
above the other. The dorsal of these is the oesophagus {ces.) ; the ventral canal 
is the respiratory tube (ph.), or pharynx. Guarding the entrance to the latter 
is a curtain-like fold, the velum (vel.). The oesophagus extends above the 
pericardium and enters the intestine {int.) through a valvular aperture. The 
intestine is unconvoluted. Its anterior end is slightly dilated, and is the only 
representative of a stomach. Its posterior end is widened to form the rectum 
(Figs, no, 125), which ends at a cloaca. As Barrington has shown, true gastric 
digestion involving the action of pepsin does not seem to occur until we reach 
the true fishes (as far as the vertebrates of to-day are ccmcemed). The develop- 
ment of the capacious stomach is correlated with the ancient change from 
micro- to macro-phagy (p. 206). Although a stomach is lacking in some of the 
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higher fishes (p. 336), it is probable that in the Agnatha its absence is a primitive, 
rather than a secondary, feature. 

The whole of the intestine of Petromyzon is formed from the mesenteron of 
the embryo, and the blastopore becomes the anus, there being no proctodaeum. 
The lumen of the intestine is crescentic owing to the presence of a typMosole 
in which lie the anterior mesenteric artery and hepatic portal vein. Between 
these vessels and the w’all of the typhlosole is a reticular tissue whose cavities 
communicate with capillaries. Blood cells of all types are formed in this spleen- 
like tissue and passed from there to the blood. The typhlosole takes a slightly 
spiral course along the intestine and is hence known as the spiral valve (Fig. 114, 
sp. z’,). There is no continuous mesentery, but only a number of narrow 
supporting bands. 

The liver (Fig. 118, /.) is a large bilobed organ. Gall-bladder and bile-duct 
occur in the larva, but are at least sometimes absent in the adult. There is 
no pancreas as such. In both larA'^al and adult lampreys, however, there occur 
in the gut epithelium aggregations of seemingly secretory cells of two different 
kinds. There is suggestive experimental evidence that one kind {zymogen 
cells) produce a proteolytic enzyme, and that the other sort is involved in 
carbohydrate metabolism. This second, probably endocrine, group has no 
communication with the lumen of the intestine. It arises in the larva as ‘ cords 
of cells’ of one type (Barrington), and forms what have been termed follicles of 
Langerhans. These may be homologous with the islets of Langerhans (p. 153) 
of higher forms. Both secretory elements — ^h5T)othetical endocrine and zymo- 
gen — occur in the sub-mucosa at the anterior end of the broader mid-gut. 
The follicles of Langerhans are aggregated near the entrance of the bile-duct. 
It must be emphasised, however, that the two elements, though occurring in 
the same region, arc not as intimately associated as are the acinous cells and 
insulin-producing elements in the compound pancreas of the Gnathostomata 
(p. 203). 

Respiratory Organs. — Adult lampreys differ from all other Vertebrata in 
that the pharynx ends blindly. By virtue of this difference it is referred to, 
]X'rhaps unnecessarily, as the ‘ resjuratory tube ’ (Fig. 118, ph.). In the 
ammocoete (p. 196) the pharynx communicates }X)steriorly with a short, 
narrow oesophagus but, during metamorphosis, this connection is lost and the 
oesophagus becomes extended forward dorsal to the respiratory tube and opens 
separately into the buccal cavity. 

The respiratory organs are typical gill-pouches. They have the form of 
biconvex lenses, with numerous gill-lamella; developed on the inner surfaces, 
and are separated from one another by wide interbranchial septa. The gills 
are much less pouch-like in the ammocoete, where they open widely into the 
pharynx (Fig. 119). In the embryo an additional gill pouch rudiment occurs 
in front of the firet of the adult series. 
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Circulatory System. — The blood-vascular system shows a radical advance- 
ment from the primitive Amphioxus plan in the possession of a distinct heart. 
The atrium (Fig. ii8, atr.) is situated to the left of the vetUride (v.) and receives 
blood from a small sinus venosus (s. v.). There is no conus arteriosus, but the 
proximal end of the ventral aorta presents a slight dilatation or bulbus arteriosus. 
Both afferent and efferent branchial arteries supply each the posterior hemi- 
branch of one gill-j)ouch and the anterior hemibranch of the next. They are 
thus related to the gills, not to the gill-pouches. In addition to the paired 
jugulars there is a median ventral inferior jugular vein returning blood from 
the lower parts of the head. There is no renal portal-system (p. 244), the tM(o 


trab. c. *P C- 



U. ling. r. val. and. 


Fig. tk; - Geotria: Ammocoete head region. (Diagrammatic half-section of G. australis,) an. r 
niclimt'nt of annular cartilage (niucocartilagc) ; ap. r. rudiment of apical cartilage (mucocartilage) ; 
hr. brain; b. tent, buccal tentacles; end. endostylc; g. gill; ling. r. rudiment of lingual cartilage 
(mucocartilage): /. /. lower lip; na. nasal aperture; nc. notochord; olf. c. r, rudiment of olfactory 
capsule (cartilage); r. d. p. rostro-dorsal plate (mucocartilage); sp. c. spinal cord; trab. c. trabe- 
cular commissure (cartilage) ; ?/, 1. upper lip; vel. velum. (Drawn by R. Strahan.) 

branches of the caudal vein being continued directly into the cardinals. 
Blood from the kidneys drains into two sub-cardinal sinuses (Fig. 114, s.-c.s.) 
which connect by numerous small passages with the cardinal veins above. 
The left precaval disappears in the adult, so that the jugulars and cardinals 
of both sides open into the right precaval. On the sides of the segmental 
arteries and veins occurs diffuse chromaffin tissue (p. 152). There is evidence 
that an extract of this tissue has properties strongly resembling that of mam- 
malian adrenalin. Such tissue may represent a diffuse adrenal medulla. Islets 
of cells around the lateral and ventral walls of the cardinal veins have been 
thought possibly to represent adrenal cortical lisstte (p. 152). 

The erythrocytes of the blood contain a respiratory pigment, hamoghbin, 
which is intermediate in many of its properties between the haemoglobins of 
invertebrates and those of gnathostomes. 
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As previously mentioned, the formation of blood cells, hamatopoiesis, 
occurs primarily in the spiral valve. In the adult, this function is shared 
with the reticular tissue of the kidney. The erythrocytes, in common with 
those of true fishes, amphibians, reptiles, and birds, retain their nucleus through- 
out the life of the corpuscle. The presence of haemoglobin and a force-pump, 
the heart, enormously increases the capacity of the circulatory system to trans- 
port speedily the oxygen (taken in at the gills) to the tissues throughout the 
body. An extensive system of lymphatic sinuses (p. 116) also occurs. 

Nervous System. — ^This, too, shows a great advance on that of Amphioxus. 
An elaborate brain is developed along with a system of cranial nerves. It is 
of great interest, however, that the dorsal and ventral roots of the spinal nerves 
are unjoined, and therefore retain the Amphioxus plan. Similar to those of 
Amphioxus, and differing from those of other vertebrates, the nerves of the 
< Lamprey and other cyclostomes are unmyelinated. The spinal cord is wholly 
, composed of transparent grey matter. It contains no blood-vessels, but is 
dorso-ventrally flattened in a manner that may possibly allow metabolic 
exchanges to take place without them. As in the fishes and other vertebrates, 
/ the nerv'e cell-bodies are arranged around the narrow central canal, but synaptic 
; contacts occur at the periphery of the cord in what would be the ‘ white matter' 
0 n other vertebrates. This arrangement gives rise to a neuropil (nerve felt- 
!work). In this, afferent sensory fibres terminate in close proximity to the 
; dendrites of motor-cells whose axons become associated in the ventral nerve- 
I roots. It is thus probable that the motor-fibres can be stimulated directly as 
' a result of sensory impulses initiated by contact with environmental stimuli. 
; The connection between brain and motor-fibres appears to be by means of the 
'large and prominent Muller’s fibres which originate from giant cells in the 
cmid- and hind-brain and probably stimulate motor-cell dendrites in the ventral 
[region of the cord. 

The brain (Figs. 120, 121) exhibits the typical pattern that is found through- 
: out the vertebrate series. Some of the structures that are well-developed in 
the higher forms occur in a relatively primitive condition. This of course is 
essentially a reflection of the life of the animal. The optic lobes (Figs. 120, 121, 
opt. 1.) are very imperfectly differentiated in the tectum of the mid-brain. 
In the hind-brain the small size of the cerebellum is remarkable. This organ 
occurs as a mere transverse band roofing over the anterior end of the 4th 
ventricle, and its lack of complexity is not surprising when we observe the 
Lamprey’s mode of locomotion even when it is not being transported by its 
host. The rest of the hind-brain is highly developed ; among other functions 
I it controls the powerful sucking structures by means of the trigeminal nerve. 
The central region of the tectum of the mid-brain is epithelial and is related to 
a vascular thickening of the overl3dng pia-mater which forms a choroid plexus, 
so that when the membranes are removed an aperture is left. No choroid 
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plexus is found in the mid-brain of higher vertebrates, where such structures 
are limited to the fore- and hind-brain. 

On the dorsal border of the lateral wall of the diencephalon are two ganglia 
habenula, the right {r. gn. hb.) being much larger than the left (/. gn. hb.). 
These constitute an epithalamus and are connected to the pineal apparatus. 



Fig. 120. — Petrovnyzon: Brain. Dorsal (left) and ventral (right) views of P. marinus, ch. pL i , 
anterior choroid plexus forming roof of prosencephalon and diencephalon; ch, pi, 2, aperture in 
roof of mid-brain exposed by removal of middle choroid plexus; ch, pi, 3, metaccsle exposed by 
removal of posterior choroid plexus; crb. cerebellum; cr, erb, crura cerebri; erb, h. olfactory 
lobes; diencephalon ; in/, infundibulum; l.gn, /id. left habenular ganglion; med.obl. medulla 
oblongata; Nv, i, olfactory, Nv. 2, optic, Nv. 3, oculo-motor, Nv. 5, trigeminal, and Nv. 8, auditory 
nerves; olf. 1 . olfactory bulbs; opt, I, optic lobes; pn, pineal eye; v, gn, hb. right ganglion 
habenulae. (After Ahlbom.) 

This consists of the pineal eye which lies against a transparent area of the cranial 
roof and the smaller parapineeU body lying below and somewhat behind it. A 
stalk containing nerve-fibres leads from the pineal eye to the right habenular 
ganglion, and a similar one from the parapineal body leads to the left habenular 
ganglion. Since the habenular ganglia are paired structures, it would seem 
that pineal and parapineal eyes were originally paired and have only secon- 
darily come to lie one on top of the other. The pineal eye contains a pigmented 
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retina with sensory cells, and a flattened imperfect lens. In the parapineal 
body these structures are extremely reduced and hardly recognisable. 

The pineal apparatus is better developed than in any of the higher forms 
now living, and Young has shown that it is of vital importance in the everyday 
life of the Lamprey. As light conditions in the environment change, so does 
the colour of the larval form. The pineal apparatus is photosensitive, and it 
seems that impulses are conveyed via the well-developed hypothalamus (in the 
ventral region of the diencephalon) to the endocrine pituitary gland. The 
pituitary or hypophysis is closely applied to the h}'pothalamus : there is no 
hypophysial stalk, such as is developed in the higher Vertebrata. The gland 
is a compound one, consisting of a comparatively large pars anterior and 



Fic. 121. — Petromyson: Brain with olfactory and naso>hypophysial ducts. C6/m. cerebellum ; 

cyb, h. olfactory lobe; t/icn, diencophalon ; /. fold in nasal duct; gl. accosstiry olfactory organ; 
nif. infundibulum; /. gw, hb. left habenular ganglion; med. ohl, medulla oblongata; na. ap. nostril; 
nth. notochord; Nv. i, olfactory nerve; Nv. 2, optic n.; Nv. 3, oculomotor n. ; Nv. 4, trochlear 
n.; Nv. 5, trigeminal n,; Nv. b, adbiicens n.; Nv. 7, facial n.; Nv. 8, auditory n.; Nv. 10, vagus 
n.; Nv. 12, hypoglossal n.; olf, cp. olfactory capsule; olf. 1 . olfactory bulb; olf. m, m. ol- 
factory mucosa: opt. 1 . optic lobe; pn. parapineal organ; pn. e. pineal eye; pty. b. pituitary 
gland; piy. p. hypophysial sac; sp. median st'plum of olfactory capsule; sp. i, dorsal root of 
lirst spinal nerve. (Combined from figures by .\hlborn and Kasnschc.) 


a flattened pars intermedia. These are separated from the third ventricle 
by a thin tract of epithelial tissue which may represent the pars ners'osa (of 
the postenor lobe) of higher forms. There is experimental evidence that the 
expansion of melanophores, causing the Lamprey’s skin to darken, is caused 
by a secretion from the intermedia when this is stimulated by nerve impulses 
originating from the pineal. 

In front of the diencephalon are paired bean-like masses, the cerebral 
hemispheres, each consisting of a small posterior portion, the olfactory lobe {crb. 
h.) and a larger olfactory bulb (olf. /.). 

The cavity of the fore-brain extends laterally into these hemispheres 
to form rudimentary lateral ventricles. The part of the lateral ventricle 
which is contained in the olfactory bulb is sometimes referred to as the 
rhinocoele. 
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Organs of Special Sense.— The external nostril (Fig. no, n. ; Fig. Ii 8 , na.) 
leads by a short passage into a rounded olfactory sac (Fig. ii 8 , olf.) placed 
just in front of the brain and having its posterior wall raised into 
ridges covered by the olfactory mucous membrane (Fig. 121, olf. m. m.). 
Here are located specialised olfactory receptor-cells, and from these travel axons 
which become aggregated in the short olfactory nerve (Fig. 120, nv. i). This 
joins the highly organised olfactory bulb {olf. 1 .) close by. From the bottom of 


fiyp. «. 



V. 


Fig. J22. — Petroniy^on: Development. Five stages in the development of the cavities of the 
anterior part of the body. A, B, C successive embryonic stages; D — ammocoete; E — adult. 

buccal tentacles; endodcrin; ^'.(esophagus; /i. hind-mouth ; As. hydrosinus; hyp. r. 
hypophysial rudiment; hyp. s. hypophysial sac; inf. infundibulum; /. /. lower lip; na. nasal 
aperture; na. r. nasal rudiment; nc. notochord; olf. c. olfactory capsule; p. ant. pars anterior of 
pituitary; ph. pharynx; pin. pineal eye: pin. r. pineal rudiment; p. int. pars intermedia of 
pituitary; pit. pituitary gland; st. stomcxlauim; u. 1. upper lip; v. velum; y. t. velar tentacles. 
(Drawn by K. Strahan, after various authors.) 

the olfactory sac is given off a large naso-hypophysial sac (Fig. ii 8 , n. hyp.. Fig. 
121, ply. p.) which extends downwards and backwards between the brain and the 
skull-floor, i>asses through the basicranial fontanelle, and ends blindly below the 
anterior end of the notochord. This elongated, compressible pouch seems to 
act in a manner analogous to the rubber bulb of a pipette. The expanded and 
closed end of the pouch lies directly above the dorsal wall of the phar3mx and 
between the first pair of gill-pouches. Directly above the pouch is the un- 
yielding anterior end of the notochord (Fig, 121, nch.). Respiratory movements 
squeeze the water in the pouch in a forward direction out through the nostril 
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{na. ap.) situated on the dorsal surface of the head. When the pressure relaxes, 
a fresh stream of water flows into the pouch, and thus comes in contact with 
the olfactory receptor-organs. If the aperture is experimentally blocked, the 
Lamprey no longer swims away from noxious substances liberated in its vicinity. 

The relations between the olfactory sac, naso-hypophysial sac, and the 
pituitary body are extraordinary. In the embryo, before the stomodaeum 
(Fig. 122, A, st.) communicates with the gut, two unpaired ectodermal invagina- 
tions appear in front of the mouth. The foremost of these is the nasal rudiment 
(na. r.). The other (which is situated between the olfactory sac and the 



Fig. 123. — Lampelra: Eye and adjacent structures. {L. fluviatilis, anterior end to the left.) 
Accommodation is accomplished by alteration of the shape of the eyeball by tlie extrinsic corneahs 
muscle. The tendon of this muscle is inserted on the rim of the spectacle, a specialised window- 
like area of transparent skin. Muscle contraction draws the spectacle taut and flattens 
the subjacent cornea. This in turn is in close contact with the lens which is thus pushed 
closer to the retina. The elasticity of sclera and vitreous body, and the equality of the intra- 
ocular pressure, returns the eyeball to the resting shape, av. anterior surface of vitreous; c. 
cornea; er. external rectus ; 10, inferior oblique; ir. internal rectus; s. spectacle; sA. skin; sp. 
space tetween spectacle and cornea; sr. superior rectus; f. tendon of comealis; e. venous sinuses 
(cushioning the eyeball). (After Walls.) 


mouth) is the h3fpophysial rudiment (hyp. r.), which in this case opens just 
outside the stomodaum instead of within it as in other Craniata. Its inner 
or blind end extends to the ventral surface of the fore-brain and terminates just 
below the infundibulum (inf.). As development proceeds, the olfactory and 
hypophysial invaginations become sunk in a common pit (B), which, by the 
growth of the immense upper lip (up. 1 .), is gradually shifted to the top of the 
head (C, D). In the ammocoete (p. 196), this common naso-hypophysial cavity 
extends only a short distance under the forebrain. TTie hypophysial rudiment 
grows out as a thin plate of tissue. This buds off (i) the intermedia, which 
interdigitates with the nervous tissue from the floor of the third ventricle, and 
(2) the anterior body of the pituitary gland. Later, all connection with the 
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naso-h5T>ophysial cavity is lost. At metamorphosis the last-named grows out 
into its adult condition independently of the pituitary gland. The pecuUar 
monorhinal condition of the lamprey is due to the hypertrophy of the upper 
lip. This, in turn, is related to the function of the upper lip, which is the bur- 
rowing organ of the ammocoete. We may therefore assume, with Watson, that 
the cephalaspids, anaspids, and hags similarly possessed ancestors in which the 
upper lip performed this function. 

The paired eyes of Petromyzon are essentially similar to those of other 
vertebrates. Each is moved by six external muscles, as in higher forms, but 
the an-angement of these is peculiar. The accommodation of the eye is brought 
about by an extraordinary arrangement (Fig. 123). A remarkable cornealis 

muscle, which arises from the special- 
isation of tw’o anterior myotomes, ptdls 
on the cornea from one side and flattens 
it. This cor need movement thrusts the 
lens in towards the retina. Thus, the 
whole lens moves in a manner roughly 
similar to the lens of a camera, being 
moved back and forth in relation to the 
photographic plate. It is said that the 
cornea of the lamprey does not move 
when the p>osition of the rest of the eye 
is altered by the extrinsic muscles. 

The membranous labyrinth (Fig. 
124) is remarkable in having only two 
semi-circular canals. These, the an- 
terior {a. c.) and posterior semi-circular 
canals {p. c.), curve at right angles to each other and are equipped with a 
sacculus (sacc.) and utriculus {utr.). Little or nothing is knowm concerning the 
actual hearing capacity of Petromyzon. Sensory apparatus within the above 
compartments appreciates changes in the animal’s orientation, and resultant 
nerve-impulses lead to appropriate reflex movements and keep it on an even 
keel. 

In eye ostomes the lateral line sense-organs (p. 136) are relatively simple and 
are exposed to the surrounding water. They occur in the head region and in 
a single line extending along each side of the body. They are innervated by 
cranial nerves ; those on the body and tcul are connected to the central nervous 
system by a branch of the vagus. 

There is experimental evidence that skin photoreceptor organs occur in the 
tail of the ammocoete larva at least ; the work of Young suggests that the caudal 
lateral line organs are involved. Finally, organs of ta^ occur in the wall of 
the pharynx between the gill-sacs. 



Fig. 124. — Petromyzon: Membranous 
labyrinth (left), a. c. anterior semicircular 
canal; amp. ampulla; cr. crista; end. d. 
endolymphatic duct; i. c. invagination canal; 
mac. macula; p. c, posterior semicircular 
canal; sacc. sacculus; utr. utriculus. (Re- 
drawn from Neal and Rand, after llessc.) 
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Uiinogenital System. — ^This shows a great advance on that of Amphioxus. 
Complicated organs of excretion, the kidneys (Figs. 114, 125, mes.), have 
appeared. These enable the animal to eliminate excess fluid and waste 
nitrogenous and other substances, and at the same time maintain an appro- 
priate osmotic balance whether it is living in a fresh- or a. salt-water medium. 
The kidneys are long, strap-shaped bodies developed from the mesonephros 
of the embryo. The essential renal units within the adult kidney are numerous 
minute Malphigian corj>uscles. Each contains a ‘ knot ’ of microscopic blood- 



Fig. 1 25. - Petromyzon: Cloacal region, mariHus. cU. posterior cardinal vein; cl. cloaca; 
c. r. cartilaginous rods (‘ lin rays ’) ; d. ao. dorsal aorta; d. /.* second dorsal fin; g. d. genital pore; 
xnt. intestine; m. muscles of fin; mcs. mesoneplm>s; mes. d. mesonephric duct; my. myotome; 
n. a. neural ardi; nc. notochord; u. g. p. urinogcnital papilla. (Redrawn after Goodrich.) 

vessels, the glomerulus, and op)ens into a winding tubule (p. 155). The heart- 
beat pumps blood through the glomeruli. Excess fluids and excretory products 
are shed down the tubules towards the exterior. 

Each kidney is attached along one edge to the dorsal wall of the body- 
cavity by part of the peritoneum. Along the other (free) edge runs the meso- 
nephric duct (Fig. 1 14, mes. d.), which opens posteriorly into a small urino- 
genital sinus placed just behind the rectum. This opens by a urino-genital 
papilla into a pit, the cloaca, in which the alimentary canal also ends. The 
side-walls of the siftus are pierced by a pair of small apertures, the genital pores 
(Fig. 125, g. d.), which place its cavity in communication with the coelom. 

VOL. n. N 
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The kidneys contain lymphoid tissue where, as has been mentioned, blood 
cells may be formed. This tissue also performs a phagocytic function by 
destroying old blood cells and removing suspended material from the circulation. 

The sexes are separate in the adult. However, sexual differentiation occurs 
at a comparatively late stage, and so both oocytes and spermatocytes may be 
found in a single gonad in the young Lamprey. The gonad (Fig. ii8, gon., 
Fig. 1 14, ts.) is unpaired. The ovary in the female ruptures and extrudes 
eggs directly into the coelom, as in higher vertebrates. The testis, however, 
is unique among vertebrates in the manner in which it discharges its sperm- 
atozoa. The .sperm-containing follicles of the testis rupture and the sperm- 
atozoa, like the ova, are shed into the coelom. The gametes escape through 
the pair of genital pores mentioned above. These, alike in each sex, lead 
as short canals to the urinogcnital sinus from which eggs or sperms escape 
to the exterior where fertilisation takes place. In adult males there occur 
prominent aggregations of interstitial Leydig-cells in the typical vertebrate 
arrangement (Fig. 97, p. 152). 

Development. — The egg is tdolecithd, having a considerable accumulation 
of yolk in the vegetal hemisphere. In correspondence with this, cleavage is 
complete but unequal, a condition comparable with that in the frog (p. 418). 
Early segmentation divides the animal hemisphere into a number of small, 
relatively yolk-less micromeres (Fig. 126, A, micr.), and the vegetal hemisphere 
into a smaller number of yolky macromeres (A , y. end.) . A cavity, the blastocccle 
(blc.), develops between these two cell layers. The faster-dividing micro- 
meres grow around to enclose the macromeres and also invaginate through a 
crescentic groove, the dorsal lip (B, d. /.) of the blastopore {B, blp.) Just below 
the equator of the egg. As development proceeds, the blastopore moves to- 
wards the vegetal pole of the embryo (C) and later passes it {D). In contrast 
to the condition in Rana (p, 418), the position of the blastopore bears no relation 
to the plane of the first cleavage. The process of invagination through the 
blastopore gives rise to the cavity of the archenteron (C, arch.). The ventral 
wall of this cavity is formed from the macromeres, while the dorsal and lateral 
walls are formed from invaginated chorda-mesoderm (C, ch. m.) which later 
develops into the notochord {D, nch.) and somites (F, som.). Somewhat later, 
a groove appears in the endodermal floor and the sides of the groove come 
together to form an endodermal roof (F, end. r.) to the gut. Apart from this 
contribution, the macromeres take no part in organ-building. At the time of 
hatdiing they still retain considerable food stores. Owing to the mass of this 
tissue, the lumen of the archenteron is much narrower than in Amphioxus. 

By the completion of gastrulation, the blastopore has taken up a position 
at the postero-vcntral end. The development of the central nervous system 
differs widely from the corresponding process in Amphioxus, and is only 
approached among the Craniata by the bony fishes. The dorsal surface be- 
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comes flattened along a narrow longitudinal area, and along this a groove 
appears. This terminates immediately in front of the blastopore. The area 
along which the groove runs soon becomes raised up above the general surface 
and forms a narrow longitudinal elevation. Sections of this stage show that 
the ectoderm has developed a thickening along the course of the longitudinal 
groove, and this comes to grow downwards towards the archenteron as a 



Fig. 1 20.-— petromyzon: Development. Successive stages in gastrulation shown in recon- 
structions from which parts of the embryo have been removed to reveal internal structures. The 
centre of gravity shifts during gastrulation and this affects the orientation so that the region 
marked by the arrow eventually comes to lie dorsally. The shift in orientation is a gradual one. 
but for convenience is shown in two stages, aw. anus ; arch, archenteron ; blc. blastocoele ; blp. 
blastopore: ch. m. chorda -mesoderm; d. /. dorsal lip of blastopore; ect. ectoderm; end. r. endo- 
dermal roof of archenteron; me.s. mesoderm; micr. micromere layer; n. c. nerve cord; nch. noto- 
chord; «. k. neural keel; soni. somite; 5/am. stomodscal invagination; y. end. yolky endoderm. 
(Drawn by R. Strahan. reconstructed from Bracket after Weissenberg and de Sely-Longchamps.) 


solid longitudinal neural keel. This is the rudiment of the central nervous 
S5^tem. Subsequently the keel becomes separated off from the surface ecto- 
derm, and lies below it as a solid cord. It is only at a considerably later period 
that a lumen appears in this cord, and gives rise to the ventricles of the brain 
and the central canal of the spinal cord. In contrast to the condition in 
Amphioxus, somite formation is limited to the dorsal mesoderm on either side 
of the mid-line, a feature which is also characteristic of the remainder of the 
Craniata. The blastopore does not close; it is converted into an anal aper- 
ture, so that there is no proctodaeum. The dorsal lip of the blastopore, very 
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prominent from the first, is produced into the rudiment of the tail region. The 
mouth is developed later than the anal aperture by stomodseal invagination. 
The membrane previously separating the fore-gut from the mid-gut becomes the 
velum (Fig. 122, v.) of the larva. 

! The young is hatched as an ammoccete larva (Fig. 127) some 10 mm. long. 
This differs from the adult in several important respects. The median fin is 
continuous. There is a semi-cirdular, hood-shajied upper lip («. 1 .) instead of 
the suctorial buccal funnel of the adult. Teeth are absent. A set of branched 
buccal tentacles (Fig. 119, b. tent.) guards the entrance to the alimentary canal. 
Behind the tentacles lies the velum (vc/.), a pair of cu}:^^aped structures 

attached to the anterior wall of the phar3mx. 
These act as paddles and maintain a stream 
of water through the phar5mx. In this 
they are assisted by pumping movements 
of the pharynx. Although the ammocoete 
burrows in mud, it feeds by taking in 
fairly clean water from the oral end of 
its burrow. The endostyle (end.), homo- 
logous with that of Amphioxus, passes a 
stream of mucus forward along a groove 
in the floor of the pharynx to a pair of 
peripharyngeal grooves behind the velum. 
Movements of the velum dislodge strands 
of mucus which form a sort of net across 
the entrance to the phar)mx. Further 
down the pharynx, the strands come to- 
gether to form a cord which passes to the 
oesophagus. Propulsion is now achieved 
by the action of oesophageal cilia. Food is 
in this manner filtered from the water 
current and passed to the digestive region of the alimentary canal without being 
diluted with a great amount of water. In Amphioxus the feeding current is 
maintained by cilia; in the ammocoete by muscles.’^ 

This evolution of a muscular, in place of a ciliary, ingestive apparatus was 
an immense step forward in evolution. It enabled a far swifter and greater 
intake and, consequently, the development and sustenance of far bigger 
ai^als. 

injuring its early life the larva spends most of its time buried in a U-shaped 
burrow in the mud, emerging only at night to change its feeding ground. It 
swims with its head downwards and then burrows again with great rapidity. 
Two major instinctive responses combine to maintain the ammocoete in its 
proper environment : photokinesis and thigmotaxis. The photokinetic response 



Fig. 127. — Lampetra: Development. 

Head of larval L. fluviatUis. A, from bc< 
neath; B, from the side. hr. i, first 
branchial aperture; eye, eye; /. 1. lower 
lip; na. ap. nostril; n. /. upper lip. 
(After W. K. Parker.) 
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is shown when ammocoetes are illuminated. Their reaction is to swim in a 
random fashion until reaching a shaded' area, when locomotion becomes much 
more limited. The thigmotactic response is shown when ammocoetes are given 
the alternative of a smooth bottom or tubes into which to swim. Spontaneous 
movements are much fewer when touch receptors are stimulated over a large 
part of the body-surface than when only a limited number are, so that animals 
tend to stay in a tube after reaching it, even if the illumination is fairly high. 
Together these responses lead the animals to seek crevices or burrow in dark 
places. A batch of photoreceptors occur in the skin of the tail, as Young has 
shown. These presumably act ^ an extra warning device to prevent the animal 
from leaving its tail exposed above the burrow. 

We have seen that larval lampreys exhibit a muscular feeding device, yet 
retain an endostyle, a characteristic part of the feeding mechanism of ancestral 
forms. At the time of metamorphosis, the endostyle becomes modified and 
develops into an entirely different structure that occurs throughout the rest 
of the vertebrate series — the endocrine thyroid gland. The endostyle loses 
its mucus-secreting capacity and develops a series of iodine-containing 
vesicles that are clearly of the same nature as the thyroid ft)llicles of higher 
animals^J 

At the same time the buccal region becomes elongated to accommodate the 
tongue ; and its margin becomes circular. The tentacles recede and are re- 
placed by teeth on the buccal funnel and tongue. The velum becomes reduced, 
and skeletal rods develop from it to form a filter guarding the respiratory 
pharynx : food material is thus diverted to the cesophagus, which has already 
been cut off from the pharynx proper. The gills are modified and open into 
the phar5mx. The naso-hypophysial sac becomes enlarged posteriorly. The 
larval cranium, which consists of little more than the parachordals, trabeculae, 
and olfactory and otic capsules, becomes filled out into the adult condition. 
The skeleton of the upper lip and tongue, which is absent in the larva, also 
develops during metamorphosis. The eyes complete their development and 
move to the surface. The continuous dorsal fin is excavated to form the two 
dorsal, and single caudal fins ; and the colour of the skin changes from muddy 
brown to metadlic on the dorsal surface. In some species, brilliant-coloured 
stripes also appear at this stage. The Lamprey now leaves its river habitat 
for the open sea and begins the carnivorous phase of its life-history. 


CLASS MYXINOIDEA 

The exclusively marine hags or slime-eels are exemplified by the widespread 
genera Myxine, Paramyxiite, and Eptatretus {— BdeUostoma). These inhabit 
muddy bottoms, where they rest in temporary burrows. They feed on a wide 
range of dead animals and may perhaps prey upon living iwlychaetes and 
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priapiiloids. They cat dead or djdng fish, but the old view that they are 
mrasitic upon fishes is incorrect. Their method of feeding is umque among 
vertebrates in that they bite with protrusible homy teeth (Fig. 130, d. pi.) 
which move against each other from side to side. Other unique features 
include the direct communication between the nostril and the pharynx, the 
existence of auxiliary hearts in the caudal and visceral circulation, and the 
fusion of the two semicircular canals form a ring-shaped structure. 


COMPARISON OF THE MYXINOIDEA WITH THE LAMPREY 

Myxinoids show a much greater range of variation than lampreys. Here 
we shall onl}’ indicate the points in which they differ from lampreys and from 

each other. The body of myxinoids is 
cylindrical and from 40 to 80 cm. long. 
They are remarkable for the immense 
amount of slime they can produce when 
disturbed. The slime comes from thread 
cells, peculiar to myxinoids, which occur 
singly in the epidermis (Fig. 113) or 
massed in the segmental slime-glands 
(Fig. 128). During cell development a 
continuous thread of fibrous protein is 
laid down within the membrane. When 



br.op. . 



the hag is stimulated by agitation or local 
pressure, large numbers of these cells 
burst, releasing their threads, which are 
from I to 3/i in diameter and several cm. 
in length. The threads absorb water 
almost instantaneously and form around 
the body a tenacious slimy gel as much as 
10 cm. thick. One medium-sized Myxine 
can gelatinise as much as 500 cc, of sea 
water in less than a minute. 


Fig. 128. — Class Hyzmoides: Myxine 
Klntinosa {J) and Eptalretua (= BdelUt- 
ttioma) stout ti {B) from below, br. ap.^, 
first branchial aperture; c. ap. common 
branchial aperture; mth. mouth; n. nostril; 
n. 2 nasal tentacles; o. j oral tentacles; 
ph. cut. aperture of pharyngo-cutaneous 
duct; si. gl. slime glands. (Drawn by R. 
Strahan.) 

pal. f.) above the oral aperture, and 
dental plate (Fig. 130) on the ‘tongue’ 


The buccal cavity is even longer than 
in lampreys, but the mouth is not ex- 
panded into a funnel. The mouth and 
the nostril are each surrounded by 
tentacles (Fig. 128) supported by carti- 
lages (Fig. 130, tent. 1-4). There is a 
single median palatine tooth (Fig. 129, 
two rows of smaller teeth arising from the 
. Tlie papillae beneath the cone-like homy 
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teeth bear a closer superficial resem- 
blance to rudiments (or vestiges) of true 
calcified teeth than is the case in 
lampreys ; but it appears that no odon- 
toblasts and no calcified substance of any 
kind are formed in connection with them. 
The terminal nostril opens into a tubular 
nasal duct (Fig. 129, na. d.) leading to 
the olfactory organ and is continuous 
with the naso-hypophysial duct {na. 
hyp.) which opens into the buccal cavity 
just anterior to the velum {vd.). This 
is homologous with the velum of the 
ammoccete and, although having a 
much more complex structure, performs 
the same function of maintaining the 
respiratory current. The continuous 
flow of w'ater over the olfactory mucosa 
permitted by this arrangement is pro- 
bably valuable to a blind scavenger. 

The only fin is a narrow caudal fin 
surrounding the end of the tail. The 
respiratory organs present striking 
differences in the major genera. In 
Eptatretus there are in different species 
six to fourteen very small external 
branchial apertures {br. ap. i) on each 
side. Each of these communicates by a 
short efferent duct with one of the gill- 
pouches which is again connected with 
the pharynx by another tube. Behind 
and close to the last gill-slit, on the left 
side, is an aperture leading into a tube, 
the pharyngo-cutaneaus duct {ces. cut.), 
which opens directly into the pharynx. 
In Myxine the efferent ducts (Fig. 129, 
ef. d.) all unite together before opening 
on the exterior, so that there is only a 
single external branchied aperture {br. ap.) 
on each side. The pharyngo-cutaneous 
duct {ces. cut.) opens into the left ex- 
ternal branchial aperture (br. ap.) and 
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serves for the expulsion of inhaled particles too large to enter the afferent 
ducts. 

The spinal cord (sp. c.) is covered only by fibrous tissue. There is no 
trace of neural arches in the trunk, but in the posterior part of the caudal 
region both neural canal and notochord are enclosed in a continuous cartila- 
ginous plate. Similarly, the roof of the skull is entirely membranous (Fig. 130). 
The skull has a fundamental similarity to that of lampreys, but this is obvious 



corn. c. cornual cartilage; d. 1 . b. dorsal longitudinal bar; d. pi. dental plate; ex. , ist and 
2nd extrabranch ial arches; ex. pq. cxtrapalatoquadrate; hy. hyoid arch; hyp. c. hypophysial 
cartilage; nc. notochord; ot. otic capsule; pal. h. palatine bar; pch. parachordal; pq. palato- 
quadrate; p. v. n. h. posterior vertical nasal bar; jf. «. c. subnasal cartilage; /fw/.,, j, ,, 4 tentacular 
cartilages; trab. trabecula; v. hr. b. ventral branchial bar; vel, $k. velar skeleton, (Drawn by R. 
Strahan. reconstructed from Cole.) 

only in the embryo (Fig. 131). Later developments, associated with the growth 
of the naso-hypophysial sac, the oral tentacles, and the backward migration of 
the gills, bring about a considerable distortion. The nasal duct (Fig. 129, na. d.) 
is supported by rings of cartilage {na. c.), and the oral tentacles by 
flexible rods of the same tissue. The cornual cartilage (Fig. 131, com. c.) and 
the subnasal cartilage (s. n. c.) represent the skeleton of the upper Up of lampreys 
and the basal plates (Figs. 129 and 131, 6as.) au-e, in part, the homologue of the 
lamprey tongue skeleton. The sub-ocular arch (Fig. 130, ex. pq., pq., hy.) re- 
presents anteriorly the visceral skeleton of the mandibular arch and posteriorly. 
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the hyoid arch. Of the remaining branchial arches, only the first two are 
represented, these being the first extra-branchial cartilage (ex. hr. i.), and the 
first branchial cartilage (br. i), and the second extra-branchial cartilage (ex. br. 2). 
In the region of the common branchial apertures a pair of as}nnmetrical 
cartilages (Fig. 129, p. br. sk.) may represent a posterior remnant of the 
branchial skeleton. 

The myotomes of one side alternate with those of the other. 
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Fig. 131. — Myxifte; Skull of embryo. M.glutinosa. a. t>. n. 6. anterior vertical nasal bar; bos. 
basal skeleton; 6r., ist (internal) branchial arch; corn, c. cornual cartilage; d, 1 . h. dorsal longi- 
tudinal bar; ex. ist and 2nd extrabranchial arches; ex. hy. extrahyal arch; ex. pq. extra- 

palatoquadratc; hyp" com. hy|>ophysial commissure; lab. c. labial cartilage; nc. notochord; ot. 
otic capsule; pal. b. palatine bar; pch. parachordal; pq. palatoquadrate ; p. v. n. b. posterior 
vertical nasal bar; 5. n. c. subna^ cartilage; tentacular cartilages; trab. trabecula; 

trab. com. trabecular commissure; v. br. b. ventral branchial bar. (Drawn by R. Strahan, recon- 
structed Irom Holmgren.) 


The intestine is wide. The liver consists of separate anterior and posterior 
portions, the ducts of which open separately into the gall-bladder. A pancreas- 
like gland occurs in both Myxine and Eptairetus in a position comparable with 
that of the ‘insular organ' of lampreys (p. 185). There is no definite spleen, 
but blood-forming lymphoid tissue is found scattered through the submucosa 
of the gut. Blood cells may also be formed in the pronephros. 

The brain differs considerably from that of Petromyzon, especially in the 
larger olfactory lobes, the reduced ventricles, and the smaller mid-brain. The 
dorsal and ventral roots of the spinal nerves unite instead of remaining separate. 
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It is important to realise, however, that the junction is different from that 
typical of the Gnathostomata. 

The eyes are vestigial and sunk beneath the skin, which, as in the ammcH 
cffite (p. 196), is light-sensitive. When stimulated these provoke a photo- 
kinetic response. The membranous lab5nrinth (Fig. 132) has only a single semi- 
circular canal, which, having an ampulla at each end, probably represents 
both anterior and posterior canals (p. 145). Hags lack a pineal organ and a 
lateral line system. In comparison with lampreys, their sensory system is 
extremely limited. 

The pronephros is retained in adult myxinoids as a pair of small bodies 
lying dorsal to the pericardial cavity, into which the nephrostomes open. In 

Eptatretus, the tubules open into an incomplete 
Ap.e. pronephric duct which, however, has no open- 

I ing to the exterior. Myxine lacks a pronephric 

duct and the tubules end blindly. The func- 
tional kidney is the mesonephros, and is speci- 
if a ^ii^L-end. d interesting from the fact that in myxinoids 

i’ K — it retains in the adult its primitive segmental 

arrangement. The ‘ureter' sends off in each 
‘. '.y segment a coiled tubule with a single Bowman’s 

cr. capsule, into which a branch from the aorta 

utr. sace. enters and forms a glomerulus. 

Fig. 132.— Myxine: Hembruunu Despite many statements to the contrary, 

"it ‘he “’■es are probably separate in Myxi«s bat. 

end. d. endolymphatic duct ; lUr. sacc. as in Lampreys, differentiation of the immature 

iirticulo-.sacculus. (Redrawn from , , , i a. • it 

Neal and Rand, after Hesse.) ^on 3 ,Ci u 06 S not OCCUr until ld.tG in lltC. 1 116 

female may thus retain an undeveloped testis 

and the male a rudimentary ovary. The large, cylindrical eggs are enclosed 

in a homy shell bearing terminal hooked processes. 

The early development of Myxine is unknown, but there is no reason to 
assume that it differs markedly from Eptatretus, in which segmentation is 


litr. sacc. 

Fig. 1^2.— Myxine: Membranous 
labininth (left), a, p, c. fused anter- 
ior and posterior canals; cr. crista; 
end. d. endolymphatic duct ; xUr. sacc. 
nrticulo-sacculus. (Redrawn from 
Neal and Rand, after Hesse.) 


markedly meroblastic, being confined to one pole of the elongate egg. The 
blastoderm thus formed extends gradually over the surface of the yolk, which 
it completely encloses only at a late stage, when the gill-clefts are all formed. 
Eptatretus differs from Petromyzon and resembles the majority of the Craniata 
in the mode of development of the central nervous s}rstem. This is formed not 
from a solid ectodermal keel, but from an open medullary groove. The lips 
of the groove bend inwards and unite to form a medullary canal. There is no 
metamorphosis in the life-history. 




SUPER-CLASS GNATHOSTOMATA 


INTRODUCTION 

T he Gnathostomata includes all vertebrates with upper and lower jaws. 
It comprises a wide range of animals, from fish to the various tetrapod 
classes, which have in turn been derived from a fish or fish-like ancestor. 
An entirely satisfactory classification of fishes is not easy to construct, because of 
the incompleteness of several parts of the fossil record, and the consequent lack 
of connecting links. Complete agreement as to their arrangement, therefore, has 
not been reached, and the student will meet with a considerable choice of classi- 
fications. It is at least certain that within the old group of Pisces (fishes 
in the widest sense of the expression) there are fundamental divisions which 
are of great antiquity. Animals of these divisions appear to have little to do 
with one another beyond the possession of a possible, but unknown common 
ancestor at a very remote period. 

The old classification of the Gnathostomata into five classes— Pisces, 
Amphibia, Reptilia, Aves, and Mammalia— has therefore to be modified by 
the division of the fishes. Here these will be divided into three classes, as 
follows: 

CLASS PLACODERMI (APHETOHYOIDEA) 

Sub-classes Aeantiliodii (Silurian-Permian) 

Arflirodlra (Silurian-Devonian) 

Petallchthyida (Devonian) 

Antiarehl (Pterichthyomorphl) (Devonian) 

Bhenaifida (Devonian) 

Palaeospondylia (Devonian) 

CLASS ELASMOBRANCHll (CHONDRICHTHYES, SELACHII) 

Sttb-eiass Selaehii 

Orders OadoseUehli (Devonian-Permian) 

PleuraeuifhodU (Devonian-Triassic) 

Protoselaehli (Devonian-Recent) 

EHselachH (Jurassic-Recent) 
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Sub-class Bradyodonti 

Orders Eubradyodonti (Devonian-Recent) 

Holoeephali (Jurassic-Recent) 

CLASS OSTEICHTHYES 

Sub-class Actinopterygii 
Super-orders Chondrostei (Jurassic-Recent) 

Holostei (Triassic-Recent) 

Teleostei (Jurassic-Recent) 

Sub-class Crossopterygii 
Order Rhipidistla 

Sub-orders Osteolepidoti (Devonian-Pemiian) 

GoBlaeantllini (Devonian-Recent) 

Order Dipnoi (Devonian-Recent) 

Compared with the tetrapods (p. 381) the three classes mentioned above 
have certain characters in common. They have organs of respiration and 
locomotion related to a permanently aquatic life. The chief, and generally the 
only, respiratory organs are the gills. These are in the form of a series of 
vascular processes attached to the septa of the branchial arches and persistent 
throughout life. 

The organs of locomotion are the paired pectoral and pelvic fins and the 
unpaired dorsal, anal, and caudal fins (p, 79). These fins are all supported 
by fin-rays of dermal origin, in addition to the endoskeletal supports. The 
fin-rays are of diagnostic significance. A dermal exoskeleton is typically 
present, but is occasionally secondarily lost. In the endoskeleton the notochord 
is usually partly replaced by vertebras, either of bone or cartilage. There is a 
well-developed skull and a system of visceral arches, of which the first pair form 
the upper and lower jaws, the latter movably articulated with the skull. Both 
normally bear teeth (p. 103). The first pair of visceral arches mentioned above 
are actually the second pair, because primitively there was a premandibular 
arch that is represented in the Agnatha (p. 164 ; and see Petromyzon, p. 
176). There is no middle ear (p. X14) and no allantoic bladder, the latter 
structure arising for the first time in the Amphibia (p. 381). These two nega- 
tive characters are therefore also diagnostic. 

There are other characters found in one or other of the three classes which, 
though highly characteristic when they occur, cannot be called diagnostic. 
It is the unequal distribution of these characters that makes the division of 
fishes into four classes desirable. A swim-bladder (p. 339), for instance, is 
normdly present (though it may be secondarily lost) in all fishes except elasmo- 
branchs. which never at any time possessed one. In the placoderms and other 
extinct groups the presence of the swim-bladder can only be surmised. The nasal 



PHYLUM CHORDATA 


205 


capsules open by inhalent and exhalent apertures (p. 138). These may be 
only partly separate, as in the elasmobranchs (p. 230), or completely separate, 
as in the Actinopterygii, where they are both dorsal in position (p. 298). In 
the Crossopterygii (p. 353) one pair is external, the other internal in the mouth, 
although in some very ancient forms the internal nares have been lost. The 
condition of the circulatory system, the structure of the brain, the urinogenital 
organs, fins, and scales all yield characters which help to diagnose the various 
groups. 

The kidney is a mesonephros with an occasional persistence of a few pro- 
nephric tubules (p. 153). As in all gnathostomes, there are three semicircular 
canals (p. 145). 


CLASS PLACODERMI (APHETOHYOIDEA) 

It seems certain that these animals were the earliest jawed vertebrates. 
They appeared in the Silurian, flourished in the Devonian and Carboniferous, 
and became extinct in the Permian (p. 3). As mentioned previously, it was 
once believed that the cartilaginous fishes represented the most primitive 
type. It now appears evident, however, that the present group of bony ani- 
mals were the forerunners of some of the modern fishes, and perhaps even of 
the elasmobranchs. This appearance of bone (accompanied by the develop- 
ment of mobile jaws allied to the advantages conferred by an elaborate nervous 
system, a heart, and highly developed blood-vascular system) early provided 
a basis for the later development of animals of extraordinary complexity and 
adaptive efficiency. 

The Placodermi are so called because of their heavy, defensive armour of 
bony plates (Figs. 133, 135). Members of this poljmiorphic class show a wide 
degree of adaptive radiation, and in some instances an appearance so unfishlike 
that their zoological position has been one of uncertainty. Some have been 
thought to be Agnatha (p. 164), some as being allied to the Dipnoi (p. 361), and 
some to the elasmobranchs (p. 219). 

All placoderms possess jaws. Hyoid gill-slits persisted, and consequently 
spiracles had not arisen, and, further, the hyoid arch remained unmodified and 
did not support the jaws — ^the aphetohyoidean condition was retained (Watson). 
There thus persisted a ty^ie of jaw suspension (p, 94) more primitive than 
that in any other class of jawed fishes and one, moreover, which probably 
existed in ancestral gnathostomes. We shall see later that in modem fishes 
the hyomandibular bone (of the hyoid arch) helps support and brace the jaw 
against the cranium. It seems probable that the jaws have been derived 
from paired anterior gill-bars (see p. 93). This evolution of relatively massive 
jaws appears to have been influential in reducing the first pair of gill-slits and 
enabling the development of quite separate spiracles which became small 
apertures of specialised function in the fomier first gill-slit region. 
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For many yeais it was believed that at some early stage of craniate evolu- 
tion primitive jaws had probably appeared long before the emergence of the 
hyoid arch as observed today. It is now known that this anticipated condition 
did actually occur in the Placodermi, The hyoid arch was in no sense a jaw 
support, and the cleft was probably a typical gill-cleft (p. 94). The placo- 
derm jaw is autostylic, i.e. it is articulated by its own processes to the cranium. 
We see in the buccal arrangements of these Palaeozoic placoderms an enormous 
advance on the Agnatha, but, at the saune time, a mechanical and masticatory 



Fig. 133. — Sub-class and Order Artbiodiza, Sub-order CocooiteidSB. DtnIrhthyB. This carni- 
vorous placoderm, seen here hunting the contemporary shark Cladoselache (p. 222), probably 
reached a length of 20 feet. The head and thorax were armoured but the posterior parts were 
unprotected. (After Heintz.) 

efficiency very inferior in comparison with later types of articulation that we 
shall subsequently examine. 

Most placoderms possess paired fins, but these are essentially adaptive 
organs, variable in the extreme, and no generalised ‘ ancestral pattern ’ is shown. 
At the same time there are a number of other characters which "suggest an ulti- 
mate common ancestor for all placoderm orders. The hypothetical condition 
required for such ancestry is probably most nearly approached by the Acan- 
thodii, which flourished between 200 and 300 million years ago. It has been 
suggested, too, that the acanthodians (or their close allies) may have been 
ancestral to the elasmobranchs, and pierhaps other gnathostomes as well. 
A possible objection to this, however, may be in the acanthodian i^rculum, 
which extends over the spiracular region. At the same time, this operculum 
was variable, and little is known of its arrangement in the earliest forms. 
Although in Devonian times the Acanthodii were many and varied, the sup- 
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posed acanthodians from Silurian deposits are known chiefly from seemingly 
characteristic scales and dermal fln-bones. It is, perhaps, possible that one of 
these may have given rise to some, if not all modem gnathostomes. 

SUB-CLASS ACANTHODII 

These — ^the so-called 'needle-finned sharks’ — are the oldest and least 
specialised known gnathostomes. Acanthodians were not fish. (See, partic- 
ularly, Watson on their myotome and lateral line structure.) Appearing 



Fig. 134.— Sub-class and Order Acanthodii. Family BrachyacanthidSB. Clitnatiua: Head of C. 
reticulatus. Ant. La/, an tero-latcral dermal bone of the shoulder-girdle; Br. Ar. I-IV. dermal elements 
of the branchial arches and their opercula; D. ISndo.Lym. foramen ductus endolymphaticus ; Bye, 
orbit; Hy. Op. hyoid operculum ; L. L. lateral line; Mand. mandible; Mand.Op. dorsal part of 
mandibular operculum ; Mand. Ray, lower part of mandibular operculum ; Pect. Sp. pectoral spine ; 
Sc. scapula; Sttp, Or. C. supra-orbital canal. (After Watson.) 

first in the Upper Silurian, they reached their maximum development during the 
Lower Devonian at a time when other classes of fishes were only just beginning 
to evolve, aaid persisted until its extinction in the Lower Permian (p. 3). 

WestoU separates the Acanthodii from the other Placodermi (see below) to 
form two separate classes of a ‘ Grade Aphetohyoidea concluding that, 
although the two groups show many resemblances, neither seems to have been 
derived from the other. They may have diverged from a not very remote 
common ancestry. 

Acanthodians are fresh-water, superficially shark-like organisms. Usually 
they have elongated fusiform bodies, wludi, in the final stages of evolution, 
became almost eel-like. It is probable that later forms were sea-dwellers. 
They were generally only a few inches long. The snout was blunt, the mouth 
terminal, and the eyes large and forwardly placed (Fig. 134). The tail was 
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heterocercal, and the relatively immobile fins were supported each by a strong 
jacket of dermal bone. There were primitively two dorsal fins (reduced to 
one in the later forms) and one anal fin. Between the pairs of pectoral and 
pelvic fins was an intermediate series of pairs of fins increasing in size posteriorly. 
Primitively this series was more numerous, consisting of as many as five pairs. 
This suggests a derivation from an originally continuous fin-fold. Later the 
series became reduced to one small pair, and finally to none. 

A pectoral girdle was present (Fig. 135), consisting of a scapular and coracoid 
part, to which the spine of the fin was affixed. The pectoral fin showed traces of 
basal elements, as did also the dorsal fin. The periphefal part of the fin was 
supported by ceratotrichia. 

Externally the body was covered with scales of highly characteristic appear- 
ance. These had nothing in common with the isolated placoid scales which 
push through the skin of elasmobranchs (p. 103). They formed a continuous 


Fig. 135.— DiplaranthuHs Pec- 
toral girdle. i'Vcl. .S/>. admcd- 
ian pectoral spine; Cor. coracoid; 
Sc. scapula; Derm. PI. dermal 
plate; Lot. Pect.Sp. lateral pectoral 
spine. (Alter Watson.) 


dermal armour of true scales which, rhomboid in shape, were formed essentially 
of a bone-like material. These scales were ornamented with striae, and were 
small enough to appear almost granular. The dermal armour extended on to 
the head (Fig. 134), where the scales were larger, and arranged in a definite 
pattern. In section they can be seen to have been made up of layers of bone 
substance in a manner comparable to a ganoid scale (p. 84). Teeth were 
usually absent, but, when present, seemed to be derived from the modified 
scales. Further, they appeared to be replaceable as in the elasmobranchs. 
This, however, was more probably a primitive feature than evidence of any 
close connection between the two classes. 

In the primitive Lower Devonian acanthodian Climatius (Fig. 134) there 
occurred a series of long gill-slits, each of which was overhung by an opercular 
fold. The largest gill-slit, which was functional as such, was the homologue of 
the spiracle (Fig. 168, p. 248), its operculum being borne by the jaws. Preserva- 
tion of some specimens of the much later. Lower Permian AcatUhodes is suffic- 
iently good to allow a description of the neurocranium, visceral arches, and 
adjacent structures. Although more specialised than the earlier species, this 
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toothless form nevertheless showed the essential features of the sub-class and 
class. 

The neurocranium (Figs. 136, 137) jaws and branchial arches (Fig. 137) 
were largely cartilaginous, but ossified in parts by a layer of external peri- 
chondrial bone, a primitive type of ossification such as occurs also in certain 
agnathans. The ossifications of the neurocranium resembled in general those 
of other primitive vertebrates. They consisted of paired lateral and dorsal 
plates which may fuse. There were anterior, middle, and posterior ventral 
plates. In front there were five small ossicles, one unpaired, supporting the 
rostrum. A pair of lateral occipital ossicles, one lying on each side of the 

Ant Os 


Fig. 136 . — Aeanihodesl 
Skull. Ventral aspect. Ant. 
Bas. anterior basal; Ant. 
Os. anterior ossicles; } Ao. 
groove for dorsal aorta; 
Oor. O.^. dorsal bone; Hyp. 
Bor. hypophysial foramen; 
Jug. C. jugular canal; Lat. 
Oc. lateral occipital; Af. 
Jias. middle basal; Oc. N. 
foramina for occipital 
nerves; OL Pf. articu- 
lation for the otic process; 
Pal, Bas. Art. articulation 
for the palatobasal pnjcess; 
Post. Bas, posterior basal; 
Post. Orb. Col. post-orbital 
column ; A', notch for vagus 
nerve. (After Watson.) 


posterior ventral plate, but at a higher level, completes the list. The jaws 
consisted of a stout palato-quadrate bar for the upper, and the mandible for 
the lower, portion. The interesting and important point about these elements 
is that each ossified from two centres. Two centres ossify the upper and two 
the lower elements. Thus the jaws were formed from four pieces, exactly as 
are the hyoid and subsequent gill-arches, and so provide further evidence that 
the jaws were themselves modified gill-arches. Later in life a special ossifica- 
tion occurred in the otic process. The hyoid arch is complete, and took no 
part in the jaw susp>ension. It was supplied throughout its length with gill- 
rakers. This is sufficient proof that there was a complete hyoid gill-slit. In 
earlier forms a small operculum was present on each gill-arch, and a larger one 
on the jaws. In the later forms the mandibular operculum gradually extended 
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back at first to cover the lower part of the gills, and finally to take over the 
whole function of covering them. This produces an operculum comparable in 
extent and external appearance with that of the later bony fishes. 

The acanthodians may be classified into six families. Of these, four 
(Brachyacanthidae, Diplacanthidae, Ischnacanthidae, and Gyracanthidse) possess 
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Fig. 137. — Acanth€ides: Head region. Keconstnictions: A, With the mandible and palato- 
quadrate removed. B. O^mplete except for the removal of the scales. Ant. Bas. anterior basal ; 
Ant. Os. anterior ossification in the basis cranii; Ba. Br. /. basibranchial ; Get. Br. L--II. cerato- 
branchials; Cer. Hy. ccratohyal; Circ. Or, circum'Orbital bones; Cor, coracoid; Dor, Os. dorsal 
bone of neurocranium; Ep. Br. epibranchials 1-4; F. R, Ao. foramen for aorta; Hyp» Br. & Hy. 
liypobranchial and hypohyal; Lat. Oc. lateral ossification in neurocranium; M. Gill. Ch. margin 
of gill chamber; Mand. Ant. anterior ossification of Meekers cartilage; Mand, Post, posterior 
ossification of Meckel's cartilage; Mand. Ray. ray of the mandibular operculum; Mand. Spl. 
mandibular splint; Oc. N. foramina for occipitaf nerve ; Of. Pr. Art, articular facet for otic 
process; Pal. Bas. Art. palato>basal articulation; Pal. Qn. Ant. anterior bone*bf palato-quadrate 
cartilage; Pal. Qu. Post, posterior bone of palato-quadrate cartilage; Pect, Sp. spine of pectoral 
fin; 5 c. scapula; X. vagus foramen. (After Watson.) 

two dorsal spines. The two remaining families (Mesacanthidae and Acantho- 
didae) have only one. The Brachyacanthidee (e.g. Climatius, Fig. 134), which 
occurred from the Upper Silurian to the Lower Devonian, is probably the most 
primitive group (Moy-Thomas). 

SUB-CLASS ARTHRODIRA 

This group flourished in the Devonian. The Arthrodira were swift pre- 
dators (Fig. 133, p. 206) which seem, at first sight, to have been very different 
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from acanthodians. In the past some have claimed them to be allied to the 


lung-fishes (p. 361) or, subsequently, to the 
elasmobranchs (p. 219). Watson, however, has 
shown them to be closer to the Acanthodii than 
was believed. The head was always protected 
by bony plates which are united to form a 
strong cranial roof. This was articulated by 
means of sockets to a pair of condyles on an 
equally strong bony cuirass covering the anterior 
parts of the body (Fig. 138). These plates are 
usually ornamented by tubercles. The remain- 
ing free part of the body (where known) tapered 
to a whip-like tail, and was either naked or, in 
some, covered with scales. A dorsal fin was 
commonly present, and a pair of fins on the 
ventral side must be regarded as representing 
the pelvics. Free pectoral fins did not occur, 
but were represented by an immovable bone- 
sheathed structure on each side, which gradually 
became reduced almost to extinction. The 
presence of an operculum which covered the 
branchial arches can be inferred. The vertebral 
column, where known, had well-developed 
neural and hxmal arches but no centra or ribs. 
Jaws and teeth, the latter rather soon worn 
down, have been seen in some forms, and may 
be presumed to have normally been present 
throughout the group. Arthrodires have been 
divided into three sub-orders, the Euarthrodira, 
Ptyctodontida, and Phyllolepida. 

The Euarthrodira contains the most primi- 
tive family, the Arctolepida (e.g. ArctoUpis), 
which extended from the Lower to the Upper 
Devonian. The Coccosteidae (e.g. CoccosUtts, 
Fig. 138), Dinichthys (Fig. 133, p. 206) 
ranged from the Middle to Upper Devonian. 
In this family belonged also the remarkable 
Titanichthys, which may have reached a length 
of some 30 feet. Its jaws, about 2 feet long, 
were produced into a beak equipped with 



shearing blades. The Mylostomidae (e.g. Myhstoma) possessed a plate-like. 


crushing dentition and are known only from the Upper Devonian. The 
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Homostiidse (e.g. HomosHus), characterised by a dorsoventral compression, 
existed from the Middle to Upper Devonian. 



The sub-order Ptyctodontida was perhaps restricted to 
the Middle and Upper Devonian and is characterised by a 
reduction of both cephalic and pectoral armour (e.g. 
Rhamphodopsis). The Phyllolepida are known only from 
the Upper Devonian. Phyllolepis was once considered to 
be allied to the heterostracan Drepanaspis (p. 170), which 
it superficially resembles. 

SUB-CLASS PETALICHTHYIDA 

These were Devonian forms (Fig. 139). They somewhat 
resembled the Arthrodira, but the ball-and-socket joint 
between the head and body did not exist. Again, the 
pattern of the head plating was somewhat different, and 
the pectoral and pelvic fins were constructed on a very 
different plan. On the other hand, the facts that the 
neurocranium (Fig. 140) so much resembled that of an 
arctolepid, and that the hyoid arch took no part in the 
suspension of the jaws, are evidence that the order is rightly 
placed with the placoderms. Certain characters have caused 
some authorities to look upon these fishes as allied to the 
elasmobranchs. The paired fins in particular have been 
cited as evidence. The structure of the shoulder-girdle, the 
tribasal pectoral fin (Fig. 141), and the Cladoselache-\ike 
pelvic fin are undoubtedly points of resemblance. The 
shoulder-girdle, however, was equally like the primary girdle 
of such acanthodians as CUmatius or Diplacanthus. Further, 
the tribasal pectoral fin is paralleled, except for the absence 
of a spine, by that of Acanthodes. Moreover, a tribasal fin 
at this period is too advanced in structure to lead to the 
more simple but later fin of the earliest known elasmo- 
branchs, such as Cladoselache. The pelvic ffn certainly re- 
sembles that of Cladoselache, but is of a type that is found 
equally in the early sturgeons and palaeoniscids, and is too 
generalised and primitive to be of much value as evidence 
of any particular affinity. Other elasmobranch characters, 
such as the ventral position of the mouth and the flattening 
of the neurocranimn, may be accounted for as the result of 
adaptation to a bottom-living life. The different arrange- 


ment of the head-plates from the general arthrodire pattern is not so great as 


appears at first sight. The chief difference is along the mid-dorsal line. This 
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might be put down as the result of a secondary fusion. Both this group and 
the Rhenanida include primitive members that possessed fin-structures pro- 


Fic. 140.— PeUlkdithyida: Skull 
and peotonl ihield. A. Lunaspis 
heroldi, in dorsal view. ADL. antero- 
dorsal lateral plate; AL. antero- 
lateral plate ; M. marginal plate ; MD. 
median dorsal plate; N, nuchal plate; 
OP. opercular? plate; PA. paranuchal 
plate; PDL. postero-dorsal lateral 
plate ; PN. postnuchal plate ; PO. pre- 
orbital plate; PT. postorbital plate; 
RP. rostro-pineal plate; SO. sub- 
orbital plate; SP. spinale. 

B. Macropetalichthys rapheidolabis 
in lateral, C. in dorsal and D. in ventral 
view. ce. external carotid foramen; 
cs. cranio-spinal process; de. ductus 
endolymphaticus; hv. head vein fora- 
men; ju 1-2. anterior and posterior 
openings of the jugular canal; no. 
position of nasal openings; oc. occipital 
part of skull; op. optic foramen; or. 
orbit; pi. pineal foramen; ra. radix 
aortas; VII. facial nerve foramen; 
VIlp. foramen for palatine branch of 
facial nerve; IX. foramen for glosso- 
pharyngeal nerve, X. foramen for vagus 
nerve. (From Moy-Thomas after Gross, 
Stensid.) 


Fig. 14 1. — Macrapeialiehfhya: Pec- 
toral girdle. Co. coracoid; 5c. scapula; Po., 
Mo., Mt. pro-, meso-, and meta-pterygia; 
R. radials. (After Broili.) 


tected by a jacket of dermal bone and may be perhaps more properly combined 
in a single group. 

In this sub-dass are placed the genera Macropetalichthys (Fig. 139) a Middle 
Devonian form and Lunaspis (Fig. 140) of the Lower Devonian. The affinities 
of certain other supposed members are in doubt. 
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SUB-CLASS ANTIARCHI (PTERICHTHYOMORPHI) 

This is a compact sub-class which was confined to the Devonian period. 
It contained small fresh-water animals that were common, but apparently left 
no descendants. Fossils sufficiently well preserved to reveal certain internal 
details have been found. A spiral valve (p. 237), such as occurs in elasmo- 
branchs, lung-fishes, and coelacanths, has probably been detected. Further, 





Fig. 142. — Sub-class and Order Antiarchi, Family AsteiolepidsB. PtertehihffodeH. This 
group contained small placoderms less than a foot long. Like other aphetohyoideans they had 
a well-developed lateral line system. Upper figure is P. millen in side view. Left-hand figure 
in dorsal, right-hand figure in ventral view. ADL. antero-dorsolateral ; A VL. antero- ventrolateral : 
MD. median dorsal; MV. median ventral; PD. posterior dorsal ; PDL. posterior dorsolateral ; 
PVL. posterior ventrolateral; .S', semilunar plate. (After Traquair.) 


a pair of large backwardly directed sacs communicated with the pharjmx 
and appear to have been lungs (see p. 108). 

Like the Arthrodira, the Antiarchi were provided with a strong armour 
over the head and shoulders, but with a somewhat different arrangement of the 
plates. There was also a different method of articulation of the head to the 
body. The sockets in this case were on the cuirass and on the articulating 
processes on the head. The pectoral appendages were of a much more elaborate 
structure. 
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PtericWiyodes {=Pterichthys) (Fig. 142) may be taken as the type of the 
single family (Asterolepidae). The genera of this group differ only in relatively 
unimportant details. The eyes were placed close together on the top of the 
head, a modification which was no doubt responsible for a rearrangement of the 
neighbouring plates. The cuirass was formed by a large median dorsal and a 
posterior dorsal plate, both unpaired. Along the sides were the anterior and 
posterior dorso-laterals. The floor was made up anteriorly by a pair of anterior 
ventrolateral plates, which enclosed between them a pair of small semilunar 
plates. Posteriorly it was made up by a pair of posterior ventral plates. Be- 
tween these pairs lay an unpaired median ventral. The anterior ventrolateral 
plates had at their sides an excavation which held the condylar head of the ' arms ’ 
or pectoral appendages. These were highly developed, and were the leading 
characteristic of the order. They were formed of a number of plates, closely 



Fia. 143. — Sub-class and Order Antiaidli, Family Aitonfl^UlK. BathrMepiH. This small 
placodcrm was heavily armoured in front and unprotected behind. It possessed weakly developed 
jaws and ate minute animals or plants (cf. Dinichthys, Fi^. 133, p, 206). Its pectoral appendages 
were freely movable and probably sculled the animal along. (From Romer, after Patten.) 

united except for a flexible joint dividing them into a proximal and distal 
section. The fossilised arms are hollow, but were in life provided internally 
with muscles, nerves, and arteries. The jaw apparatus consisted of a pair of 
laige superognathals, each bearing a notch at the side. Into this was fitted a 
small elongated element, and this in turn articulated with a third. The system 
therefore corresponded to some degree with that of Coccosteus. The lower jaws 
were more weakly developed. 

The trunk was protected by well-developed scales and terminated in a 
heterocercal tail with a ventral web. A single dorsal fin was present supported 
by an anterior spine. A series of fulcral scales ran along the upper border of 
the body from the fin to the tail. In this genus there were no pelvic fins. 

Another well-known genus is Bothriolepis (Fig. 143), which had a naked 
body, an extra plate on the head, and a pair of fleshy protuberances at the 
ventrolateral border of the cuirass which are supposed to represent a pair of 
pelvic fins. Rmigolepis lacked the median joint to the pectoral fins. Micra- 
brachius and Asterolepis, Ceraspis, and CeraUdepis are other recorded goiera. 
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SUB-CLASS RHENANIDA 


In shape these peculiar, probably placoderm, Devonian animals resembled 
the modem rays. Their skin, too, was denticulate. However, the denticles 
were attached to a body-armour. The skull was ossified, and the gills were 

protected by an operculum. 



Fig. 144. — Sub-class and Order Rhenanida, Family 
Gemuendiiiidte. Oemuendina. Although superficially 
skate-like, this ‘ stegoselachian ’ (G. sturtzi) belonged to 
an operculate group that preceded . and was probably not 
related to, the elasmobranchs. Note the position of the 
eyes, the pectoral and pelvic fins, and the dorsal spine. 
(After Broili.) 


Spiracles have not been found, 
nor is there any suggestion of 
hyoid support for the lower jaw. 
It seems obvious that these ani- 
mals were bottom gliders, and 
that the various similarities be- 
tween them and the later-evolved 
skates are exami>les of conver- 
gent adaptation. In the Rhena- 
nida the bones were not greatly 
developed, and became pro- 
gre.ssively less so in later forms. 

Gemuendina (Fig. 144) is the 
best-known form. It had very 
much the shape of a skate. The 
head had on the top a central 
plate of bone, and ranged on 
each side were three pairs of 
plates which did not articulate, 
but were surrounded by areas 
of skin bearing tubercles. The 
large pectoral fins were supported 
by a secondary elongation of the 
radials, and behind them are the 
smaller, flattened pelvic fins. 
The body then -tapered to a 
pointed tail. A dorsal fin was 
present and supported by an 
anterior spine much as in Acan- 
thodes or Pterichthyodes. Be- 


hind this fin was a row of dorsal 


spines, and there was a row of similar spines on each side which started from a 
point just behind the pelvic fins and ran to join the dorsal row at the end of 
the tail. The pectoral girdle (Fig. 145) was comparable with that of a ptycto- 
dont (p, 211), but lacked the lateral spine. 
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The presence of gills supported on branchial arches and covered by an 
operculum can be demonstrated in some instances, and from them the presence 
of gills of a similar t}^ can be reasonably inferred in the others. The jaws, 
when known, showed no signs of any hyoid suspension. From this arrangement, 
the placodenn condition with its complete hyoid gill-slit naturally follows. 
The general impression given by these forms is that they were placoderms which 
were losing their armour, and had developed special fins that enabled them to 



Fig. 145. — Gemuendlna: Anterior part Of the body with head removed. Restoration of G. 
sUtftzi. A. D. L, antero-clorsolateral; A. L, antero-lateral ; In. Lat. inter- lateral ; M. D. median 
dorsal plate ; pectoral fin ; Jlf dr. anterior margin of pectoral fin; Pe/r. pelvic fin ; 

Vert, vertebral column. (After Watson.) 


exploit the lake- and sea-floor. Only three genera have so far been described: 
Gemuendina (Fig. 144) (Lower Devonian), Aster ostetis (Middle Devonian), and 
Jagorina (Upper Devonian). 


SUB-CLASS PALyEOSPONDYLIA 

PalfBospondylus (Fig. 146), the sole representative of this group, occurs only 
in two restricted areas of the Mid-Devonian in Scotland. From the time of its 
discovery it has been the subject of much speculation, and has in turn been 
considered either as the larva of a dipnoan fish, of Coccosteus, or of an amphi- 
bian ; as a fish of chondrichthyan aflinity, and even as a teleost. For many 
years the general consensus of opinion was that its nearest affinity was with 
the Agnatha, and certain of its features led some to see in it a relation^p. 
possibly ancestral, with the Myxinidae. Moy-Thomas however showed with 
new as well as old material that Palaospondylm was not a member of the 
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Agnatha, but instead a true gnathostome. Despite its lack of dermal armour it 
should probably be placed in a separate sub-class of the placoderms. 

Palaospondylus gunni reached a maximum length of about two inches, and 
occurs in great numbers in certain layers of the flagstones of a small quarry at 
Achanairas in Scotland. Unfortunately the preservation of only a very few 
specimens is sufficiently good to 5deld details of the structure. It had a 




Fig. 146. — Sub-class and Order PalaBOipcmdylia, 
Family PalaDOipondFlidflB. Paitmoapondylus gunni. 

This tiny {ca. 5 cm.) enigmatic animal is the sole 
described species of its group. It lacks any apparent 
exoskcleton but is of the placoderm 'level'. Above: 
Complete animal. The head and anterior vertebrae in 
dorsal view, the posterior vertebrae and tail in lateral 
view. CF. centrum; HA, haemal arch; HA, neural 
arch; PC?, pectoral girdle; PV, pelvic girdle; 
RA . radials. 

Head in ventral view. AO. probably a ventral 
brain-case structure; APQ}. possibly anterior part 
of palato-quadrate ; BA, branchial arch; BB. basi- 
branchial; CE, ceratohyal; HY. hyomandibular; 
MA. possibly mandible; PPQ, posterior part of 
palatoquadrate. (After Moy-Thomas.) 


depressed skull, a well-calcified vertebral column, and a heterocercal tail. The 
lower radials were two-jointed, and the second row of radials was bifurcated 
(Fig. 146). Paired fins were present, and traces of pectoral and pelvic girdles 
have been observed. In the vertebral column the neural arches were low in 
front, but gradually lengthened into neural spines towards the <^aiidal region. 
Ventrally there were short haemal ribs which posteriorly became haemal spines. 
The vertebral centra were stout and ring-shaped. The neurocranium (Fig. 
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146), with its ring of tentacles in front, was complicated, and the interpretation 
of some of its structures presents difficulties. At first sight it gives the im- 
pression of a larval condition, but against this view is the fact that much of it 
was calcified. Further, the vertebral column was fully calcified even in the 
smallest specimens. The neurocranium is dorso-vcntrally compressed, com- 
plete and fully calcified on its ventral surface and sides but it lacked a roof, 
being uncalcified in this region. The auditory capsules were large, and formed 
the end of the neurocranium. This character is probably not found in any 
other placoderms, but occurs in the Agnatha (p. 164). TTie upper jaws (Fig. 
146, APQ?, PPQ) were formed by a pair of elements, an anterior and posterior 
palatoquadrate, on each side. The lower jaws were represented by a single 
pair which ended bluntly (MA). If, as seems possible, there was an anterior 
uncalcified piece on each side, the jaw apparatus would be comparable to that 
found in the Acanthodii (Fig. 137). The hyoid arch (HY, CE) was complete 
(and took no part in the support of the jaws), but, unlike that of other placo- 
derms, was very different from the succeeding branchial arches. A pair of 
ventral elements lay posterior to the auditory capsules and represented a 
branchial arch, and a small element that lay outside the second of these may 
represent part of the pectoral girdle. 

It would seem probable that Palaospondylus was an animal of the apheto- 
hyoidean grade. At the same time there is no evidence of its relationship to 
any known placoderm. 

CLASS ELASMOBRANCHII (CHOMDRICHTHYES) 
INTRODUCTION 

This class comprises the living sharks, rays, and chimaeras, together with a 
number of extinct orders. Elasmobranch fishes are generally almost ex- 
clusively marine in habit, although a few have successfully colonised brackish 
and even completely fresh water. Most of them are predacious. They include 
the largest fishes that ever lived. The biggest known was probably a giant 
Tertiary species of Carcharodon. which may have been about 80 feet in length 
(Fig. 147). Teeth of this monster measure about 6 inches long, and in shape are 
very like those of to-day’s representatives. Other smaller teeth, but at the 
same time still larger than those of any living form, have been drec^ed from 
the Pacific floor and appear to be of very recent origin. The largest living 
shark is the oceanic, tropical oviparous whale shark (Rhinodon), which readies 
nearly 70 feet. It lives on plankton, as does also the Basking Shark (Cetorhinus ) , 
which grows to a length of 40 feet. Both of these species are harmless to Man, 
as are, in fact, most elasmobranchs. 

The man-eating Great White Shark or White Pointer {Carcharodon car- 
charias) attains a length of 36 feet. It has flat, triangular, serrated teeth, wide 
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at the base-and about 3 inches long. Fundamentalists who have been troubled 
by the fact of the narrow oesophagus of the large baleen whales, and who are 
emotionally and spiritually incapable of accepting certain biblical narratives as 
picturesque allegory, have sometimes held that it was the Great White Shark 
and not a mammal, that swallowed Jonah. In any case, sperm whales, 
sufficiently wide of gape and throat, sometimes enter the Mediterranean 
Sea. 

In the South-west Pacific Ocean, particularly, several man-eating species 
occur, and this has led to the establishment of elaborate .protective measures, 
including aerial patrols, on eastern Australian beaches. Unquestionable man- 
eating sharks are the Black (Common) Whaler {Gcdeolamna) (reaching a length 
of 12 feet and weighing about 900 lbs.), and the Tiger Shark (Galeocerdo) (16 
feet and more than 1,400 lbs.). In addition, the Grey Nurse (Carchartas) (9 ft. 

6 ins.), and probably the Blue 
Pointer or Mako (Isuropsis) (13 feet) 
also kill Man. During this present 
century more than 120 people 
were attacked in Australian waters, 
of whom more than fifty died of 
haemorrhage and shock after re- 
ceiving fearful injuries. One 
aboriginal trochus-diver lived after 
injuries which required 238 stitches 
(North Queensland, 1939). During 
the same period at least ten boats 
were attacked by sharks, and in- 
numerable dogs, and even horses, 
have been mauled. Although at 
least one shark fatality occurs every 
summer, this mortality is quite in- 
considerable when it is considered 
that surfing is the principal Austra- 
lian sport, and more than 100,000 
people expose themselves to some 
danger each week-end in the surfing 
season. It is a remarkable fact that 
shark attacks are rare in Western Australia and North America. During the 
early phases of the war with Japan the United States air force authorities 
impressed on pilots destined for Pacific service that they had nothing to fear 
from sharks. Soon both nations were busily testing repellents (p. 273). 

The elasmobranchs are a well-defined group which fall into two clear-cut 
divisions, the Selachii and the Bradyodonti (see below). There have been 



Fia 147. — Curehwodon nwgmlodon: Teeth 
and iaeit The triangular fang of this Pleistocene 
shark ^re up to 6 inches long. The jaws, restored on 
the pattern of a modem max.*eater, may have had a 
6- or 7 -foot gape. (Redrawn from an exhibit in the 
Am. Mus. Nat. Hist.) 
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several attempts to ally elasmobranchs with the somewhat shark-like poly- 
morphic Placodermi (p. 205), but no convincing evidence of anything but very 
remote relationship has been adduced. It is possible that the elasmobranch 
ancestor was of placoderm affinity, but the known aphetohyoidean groups were 
much more closely allied to each other, and of a much lower degree of organisa- 
tion, than even the most primitive known elasmobranchs. The primary 
elasmobranch division occurred very early in the history of the class. Sharks 
with a typically bradyodont dentition (p. 256), and also selachian clado- 
donts both appear in Upper Devonian deposits. Suggestions that various 
fragments found in Mid-Devonian and even earlier strata were those of elasmo- 
branchs have been rejected by most recent authorities. 

The elasmobranch skeleton is entirely cartilaginous, but in it there may 
be occasionally heavy subsidiary mineralisation, although never true bone. 
This persistent lack of bone led early workers to believe that the sharks and 
their allies antedated the bony fishes, but this view is now generally abandoned. 
We know now that bone (p. 74) is an exceedingly primitive material, and 
in any case the earliest known truly cartilaginous fishes do not seem to have 
appeared before mid-Devonian. And, in fact, even bony fishes (Actino- 
pterygii) (p. 285), as distinct from placoderms (p. 205), have been found in 
Lower Devonian deposits. It is true that cartilaginous structures do not 
preserve as well as bony ones, but if elasmobranchs are as ancient as was once 
widely believed it would be expected that teeth of hypothetical, very ancient, 
sjjecies would be preserved and some at least probably found. All in all, it is 
likely that the elasmobranchs arose from a bony ancestor, and perhaps by 
neoteny (p. 3). We will see later that the extant Axolotl (p. 456) has arisen 
because of its capacity to become sexually mature and to reproduce in an 
essentially larval condition. Cartilage is embryonic tissue. It is by no means 
improbable that the elasmobranch ancestors became sexually mature while 
their skeletons remained relatively immature. It is possible that the un- 
armoured, later placoderms (p. 217) may have reached the soft-bodied con- 
^ dition by means of an essentially similar, if not so hypothetically simple, 
manner as has been discussed above (p. 3). Neoteny, incidentally, has been 
demonstrated to occur in teleosts (e.g. Clariallabes, p. 338). 

There is little agreement concerning the most appropriate classification of 
the cartilaginous fishes. We will use the following : 

CLASS ELASHOBRANCHH (CHONDRICHTHYBS) 

Sub-class Selaehli 

Orders CladoselaeUl (Devonian-Permian) 

Pleiiraeanthodil (lehthyotoml) (Devonian-Triassic) 

Protoselaehli (Devonian-Cretaceous) 

Eusclaelili (Jurassic-Recent) 
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Sub-order Pleurotremata (Jurassic-Recent ) ' 

Super-families HeterodontoMea (Jurassic-Recent) 

Notidanoldea (Jurassic-Recent) 

Galeoldea (Jurassic-Recent) 

Squaloldea (Jurassic-Reccnt) 

Sub-order Hypotremata (Jurassic-Recent) 

Sub-class Bradyodontl (Devonian-Recent) 

Orders Eubradyodontl (Devonian-Permian) 

Holocephall (Jurassic-Recent) 

An operculum is absent (even in CMamydoselachus, frilled sharks), but is 
present in Holocephali (p. 256). The gill-slits open directly to the exterior and 
the gills are laminar (p. 106). A cloaca is present. Its aperture serves as 
a common outlet for the rectum and the renal and reproductive ducts. A 
uniquely high concentration of blood urea occurs (p. 253). A rh3rthmically 
contractile conus arteriosus with several transverse rows of valves is alwa}^ 
well developed. The venous system is expanded in places into larger sinuses, 
which do not occur in other gnathostomes. Other characters are pelvic claspers 
in the male (absent only in one extinct group, the Cladoselachii) and large egg- 
cases. Fertilisation is always internal. Many species are viviparous (p. 278). 
The large spiral valve in the short intestine, and the abdominal pores, are 
characteristic, but occur in some other fishes. The placoid scales are diagnostic. 


SUB-CLASS SELACHII 
Order Cladoselachii (Pleuropterygii) 

These were extinct, shark-like Chondrichthyes with a fusiform body, a 
heterocercal tail with a large lower lobe, and a horizontal keel-like fin on each 
side of the caudal peduncle (Fig. 148). There were two dorsal fins, sometimes 
with a spine in front of the first. There were very prominent pectoral fins 
and pelvic fins were also present. Each kind had a primitive, very wide, basal 
attachment to the body and was without the anterior and posterior con- 
striction from the body-wall that is usual in the paired fins of almost all fishes. 
The skeleton of the fins consisted of parallel cartilages of simple structure. 
The large sub-terminal mouth (without pronounced rostrum), long sharp teeth, 
relatively enormous forwardly directed eyes, and generally streamlined form 
suggesting a hunter of great power and voracity. The body was covered with 
small denticles. The typically selachian teeth each consisted of a slender, 
pointed main cusp with smaller lateral cusps fixed on a broad base. The jaw 


' There is much to be said , 
and including the rays as a Super- 


/X oatwiuea (Upper Juritfsic'-Receiit) oi the Order Eueelachii 

(true sharks). There exist squaloidean forms (e.g. monk*Mhes, Squatina, ba&jo*fishe8, RhinobaHs) 
/ morphologically intermediate between 'sharks' and 'rays*. The other soper-familses 

distinct in the Lower and Middle Jttraasic» whereas the rays first 
appeared at the top of the Jurassic. 
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suspension was amphistylic. A well-developed postorbital process engaged the 
upper jaws and a further, more anterior articulation with the floor of the 
cranium probably existed. Such a suspension was probably a primitive 
feature, as was also the absence, unique among elasmobranchs, of daspers 
(p* 255) ™ fh® male. The large notochord was unconstricted. There were 
paired nostrils, and laige scale-like denticles surrounded the eyes. A hyoid 
arch and five pairs of branchial arches lay behind the jaws. Cladoselache 
fyleri (Fig. 148) from the Upper Devonian (p. 3) is the best-known form, and 



Fig. 148. — Sub-class Sdadili, Order Cladowlaehti, Family Oatowhwdiito. Cfodowtoefce. 
General structure. C. fyleri grew to a length of about 3 feet. In some species, perhaps only in 
males, there was a small, laterally-compressed spine in front of the anterior dorsal fin. (After Harris.) 

Cladodus and Symmorium were related forms ranging from the Upper Devonian 
to the Upper Carboniferous. 

It is possible that the Cladoselachii were a group closely allied to the 
ancestral stock from which the other Chondrichthyes have radiated. Exclud- 
ing the somewhat specialised Pleuracanthodii mentioned below (p. 224), there 
seem, broadly speaking, to have been two main radiations. One of these, the 
Bradyodonti (p. 256), eventually gave rise to the Holocephali (p. 256). The 



Fig. 14,9. — Older (SadOMlMhli, Family OtwesiitliMw. Ctmtaoa nth ua. Some ctenacanthe 
(e.g. Goodrichia) were more tton twice as long as C. costellatus, shown above. (After Moy-Thomaa.) 


Other produced the Ctenacanthidae and Hybodontidse (p. 224), vdiich are on the 
line of the modem sharks and rays. A third group known only from the 
Devonian is the Coronodontidse (e.g. Diademonus, CoroHodits). These possessed 
peculiar teeth with conical cusps. Diademonus was completely covered with 
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minute, ridged scales which strikingly resembled its curious teeth (see Harris). 
It had pelvic claspers. 

The Ctenacanthidae (Fig. 149) are found from the late Devonian to the 
Lower Permian. They were ancient dorsal-spined sharks with teeth like those 
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of Cladoselache. The jaw suspension was’ 
amphistylic. Claspers were absent. The 
radial elements of the fins were segmented 
as in modem forms, and so showed a great 
advance. 

Order Pleuracanthodii 

(ICHTHYOTOMI) 

The Pleuracanthodii were slender, fresh- 
water, shark-like fishes that appear to have 
arisen as an early offshoot from the central 
elasmobranch stem. They extended from 
the Upper Devonian until the early Triassic. 
In them the pectoral fin had acquired the 
form of an ‘ archipterygium ’ — an elongated 
axis extending out from the body and bearing 
pre- and post, axial rays. The postaxial raj's 
were fewer in number than the pre-axial. 
This may be a primitive feature. A well- 
known species, Pleuracanthus decheni (Fig. 
150), occurred in the Carboniferous and 
Permian. It was clearly in many respects a 
specialised form. The long body, the slender 
diphycercal tail (unusual in early elasmo- 
branchs), the continuous fin-fold along the 
back, and the anal fin (with its unusual fore 
and aft duplication and direct suspension from 
the haemal arches), and the long, movable 
spine on the head, all point to a considerable 
degree of specialisation. Scales have not 
been observed in any pleuracanth, and are 
thought to have been absent. The cartilage 


'-'•I- "I skull, the amphistylic jaws, and the 

£ x « ft. (5 branchial arches were sometimes well calcified. 


The teeth were bipronged and had a central cusp. The presence of claspers 
in the male is a typically chondrichthian feature. Like other Chondrichthyes, 
the Pleuracanthodii are presumed to have branched off from the early 
Cladoselachian stock, but to have given rise to no successors. 
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Order Protoselachii 

The most primitive protoselachian group was probably the Hybodontidae 
(e.g. Hybodus), the members of which were almost certainly of ctenacanthian 
ancestry. The order became relatively common in the late Palaeozoic and 
Mesozoic. It was probably composed of numerous sub-groups, but only the 
Hybodontidae are well known. A second family (Tristychiidse) has been 



Fig. 151. — Order BmelMhii, Sub-order Flearatnmate, Super-family HMMOdflotoidea. 
UeierodotUuH (Crested Port Jackson Shark H. galeatus.) This harmless eastern Australian species 
^rows to a length of about 4 feet. It may be trawled at a depth of 50 fathoms, but is common 
in harbours, where its skin and teeth are often stained reddish, perhaps through feeding on 
large Pur|)le Sea-urchins in the shallows. It is oviparous. The egg-cases arc usually found among 
weed at a depth of about 50 feet. They arc about 4 inches long with a flange of seven or eight 
spirals and terminal anchoring tendrils that may reach a length of seven feet. (Modified after 
McCulloch.) 

erected on material from the lower Carboniferous. The protoselachians 
differed from the Cladoselachii in two principal wa5rs. Firstly, the pectoral 
fins were no longer fin-folds but became ‘ notched at their posterior margins as 
in modem elasmobranchs ’ (Moy-Thomas) and secondly, pdvic daspers had 
arisen in the males — a feature to be retained by all ‘ modem ’ sharks and their 
derivatives. The hybodonts retained the amphistylic jaw suspension, but 
had already evolved narrow-based, flexible fins similar to those of extant forms. 
In addition to sharp anterior fangs, they developed flattened, crushing posterior 
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teeth, with which they could break the thick shells of molluscs. It was from the 
Protoselachii that the Euselachii (p. 226), embracing all modem selachians (but 
not bradyodonts), arose in the Mesozoic. Although the hybodonts disappeared 
in the late Mesozoic, there still exist to-day a few hybodont-like sharks which 
exhibit many of the ancient characters. These belong to the genus Hetero- 

dontus {e.g. the harmless Port Jackson 
Shark, Figs. 151, 152), which occurs also in 
Jurassic strata (p. 3). 

Order Euselachii 

This group is composed of the sharks 
and rays. Although ^ese do not occur in 
vast ntimbers, as do many species of bony 
fishes (e.g. herring, cod), they are neverthe- 
less abundant in equatorial and temperate 
seas. 

The living and extinct orders which 
occur from the Jurassic period onward are 
distinguished, in addition to the general 

elements are rounded and constitute a« . 

mechanism adapted to crushing cchino- characters of the class, by havin§[ nuiiierous 

dems and molluscs (cf. Fig. 147, p. a*o). teeth developed in continual succession, 
(After Deary.) * 

and by the pectoral fins having three basal 
pieces (the pro-, tneso-, and meta-pterygium), from which a number of pie-axial 
radials spread out.^ 

The order is divided into two sub-orders, the Pleurotremata (sharks) 
and the H}qx)tremata (rays), chiefly on the position of the gill-slits. These are 
lateral in the first group and ventral in the second. The division is peihaps 
essentially one of convenience (see page 222), but other notable differences 
exist. In the Pleurotremata the anterior margin of the pectoral fin is free from 
the body. The pectoral radials are simple and of few segments, and, as a rule, 
only the anterior ones reach the free edge of the fin. The two halves of the 
pectoral arch are well separated above. In the Hypotremata, on the other 
hand, the pectoral fin is joined to the side of the body or to the head. The 
pectoral radials are numerous, multi-segmented and bifurcated at the ends. All 
of them reach the free edge of the fin. The halves of the pectoral girdle either fuse 
with one another or else both fuse to the vertebral column. There is a further 
difference : the skull of the Pleurotremata is without cartilages attached to 
the olfactory capsules, and the pterygo-quadrate ha* a process articulating 
with, or attached by ligament to, the cranium. 

In the skull of the Hypotremata there are paired preortntal cartilages 



‘ In the hybodonts and in 
radials. 


early stages ol some Euselachii there are traoea ol reduced postaxial 
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attached to the olfactory capsules, which are often very well develop)ed. The 
pterygOHjuadrate has no articulating process to the skull. Finally, in the 
Pleurotremata the hyomandibular and ceratohyal both bear cartilaginous 
ra)rs, and both take part in supporting the first gill. The ceratoh}ral is a single 
cartilage, and is attached to the lower end of the hyomandibular. In the 
Hypotiemata the hyomandibular lacks rays, and so takes no part in the support 
of the giU, and the ceratohyal is segmented and attadied to the hyomandi- 
bular either high up or not at all. 

The Pleurotremata can be divided into four super-families : the Hetero- 
dontoidea, Notidanoidea, Galeoidea, and Squaloidea. 

The Heterodontoidea are accorded ordinal rank by some authorities 
and relegated to family rank within the Squaloidea by others. One genus, 
Heterodontus, (Fig. 151) survives as an obvious though somewhat modified 
derivative of Hybodus stock (p. 224). The genus occurred in the Jurassic 
(P- 3)- 



Fig. 133.— Order Emeladlii, Sub-order nmrotmiiato. Super-family SottdaiuMm. CMOmy- 
doeeteeatw. C. anguineus (Frilled-giUcd Shark). This swift and deader shark is found prin- 
cipally, but only relatively rarely, in Japanese waters. Teeth occur in Tertiary deposits. Anally, 
Hexanchus, occurred in the Jurassic. The friUs are elongations of inter .branchial septa (p. 106). 
(After GOnther.) 

When the Port Jackson Shark {H. phUlippi) was discovered in the 
days of Australian colonial settlement in the late eighteenth century it im- 
mediately aroused great attention. It still retains the curiously diversified 
dentition and a sub-terminal mouth. Although the palato-quadrate post- 
orbital articulation has been abandoned, it remains essentially amphistylic. 
The animal lives chiefly on molluscs, Crustacea, and echinoderms. Several 
species occur in Pacific waters. 

The Notidanoidea, too, are archaic survivors. The group includes Chlamy- 
doselachus (s Notidanus) (the frill-gilled sharks) (Fig. 153) ; also Hepiranchias 
and Hexanchus. These animals are characterised by a single dorsal to (unique 
to the group), a simple vertebral column, a sub-terminal mouth, and the 
presence of more than five gill-slits. In the Galeoidea there are two dorsal 
fins without spines, an anal to, and five gill-slits. This group includes (x) the 
Odontaspidae. (Grey Nurse and Goblin Shark), (a) the Isurids with, numerous 
genera such as Lamna (the madceiel sharks, e.g. Porbeagle, Z. nastts), Cxt'charo- 
don, Cetorhinus (Basking Shark), and Alopias (Thresher) ; (3) the Orectolobidse 
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(carpet and tiger sharks), Orectolobus and Stegostoma’, the Scyliorhinidae, 
Scyliorhinus (dogfishes); and lastly (4) the Carcharinidae, with Carcharinus 
(blue sharks), GaUus (topes), Mustelus (nurse hounds), and Sphyrna (hammer- 
heads). 



Fig. 154. — Order Enselaohii, Sub-order Hsi^oftremata: Radiation and adaptation in selachians. 

Saw-fishes {Pristis, Family Pristida*) are survivors of a group that was common in the Cretaceous. 
They are not to be confused with the squaloid saw-sharks (Mstiophoridse), with which they share 
convergent, but not diagnostic characters. Saw-fishes grow to a length of over 24 feet. They 
hack and disable their prey before swallowing. Eagle-rays {Aetobatis, Family Myliobatidae) 
weigh as much as 400 lbs. Aetobatis eats molluscs, sometimes uncovering them by agitating the 
sandy sea-floor with its wing-like pectoral fins. Both the above groups are strikingly adapted to 
bottom-living. (From photographs and specimens.) 


The Squaloidea have two dorsal fins, with or without an anterior spine. 
The anal fin is usually absent. In this order are placed the 'Squatinidse, 
Squaiina (angel- or monk-fish), the Squalidae, Squalm (spiny dogfishes), the 
Pristiophoridae (saw sharks), and others. 

The Hypotremata are sometimes divided into two groups : the Narco- 
batoidea or electric rays, and the Batoidea, which include all other skates 
and ra3rs such as the Rhinobatidae (guitar fishes), the Pristidae (sawfishes), 
Myliobatidae (eagle rays), Raiidae (true skates and ra3rs) (Fig. 154), etc. 

The Sub-class Bradyodonti will be deafit with on p. 256. 
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EXAMPLE OF THE SUB-CLASS.-A DOGFISH (SCYUO- 
RHINUS ( = SCYLUUM), SQUALUS, BRACH^LVKUS, ETC.) 

General External Features. — The flesh of these fishes is sold in British fish- 
shops under the names of ‘ Rock Salmon ’ or ‘ Flake The general shape of 
the body (Fig. 155) is roughly fusiform. At the anterior end it is broader and 
depressed. Posteriorly it tapers gradually and is compressed from side to side. 
The head terminates anteriorly in a short, blunt snout. The tail is narrow and 
bent upwards towards the extremity. The colour is grey with brown markings, 
or dark brown above, lighter underneath. The entire surface is covered closely 
with minute hard denticles — placotd scales or dermal teeth, (p. 103) — which 
are rather larger on the upper surface than on the lower. These are pointed, 
and directed somewhat backwards, so that the surface appears rougher when 



Fig. 155. — Order Ensdachii, Sub-order Pleocotremata, Super-family Svuloidea, Family 
Hemiscyllito- Braehteturua tvaddi (Bloch and Schneider, i8ot). The Sydney (' Blind' or 'Busky') 
Dogfish lives around rocky shores and feeds on small fishes, squid, sea-anemones, crustaceans, and 
seaweed. It reaches a length of about 3 feet and is ovo-viviparous (Whitley). Above is a drawing 
of a foetus about 6 inches long from which the yolk sac has been erased and a suggestion of the 
lateral line system put in. The dark bands become less prominent with maturity (as occurs in 
many animals). ' Blind ’ is a fisherman’s misnomer arising from the fact that the comparatively 
small eyes are closed upon removal of the fish from water. 


the hand is passed over it forwards than when it is passed in the opposite 
direction. When examined closely each scale is found to be a minute spine 
situated on a broader base. The spine consists of dentine covered with a 
layer of enamel. The base is composed of bone-like substance and there is a 
vascular pulp cavity. The whole scale has thus the same essential structure 
as a tooth, but, at the same time, the enamel is of different origin from that 
of mammals, in that it arises in the mesodermal dentine and not as a speci- 
fically ectodermal secretion. 

Along each side of the head and body runs a faint depressed longitudinal 
line or slight narrow groove — the lateral line, marking the position of the lateral 
line canal. This contains integumentary sense-organs (pp. 136-137). 

As in fishes in general, two sets of fins occur — the unpaired or median fins, 
and the paired or lateral. These are all flap-like outgrowths which run vertically 
and longitudinally in the case of the median fins and nearly horizontally 
in the case of the lateral. They are flexible, but stiffish (particularly towards 
the bas^ owing to the presence of a supporting framework of cartilage. Of the 
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median fins two — the dorsal — ^are situated as the name indicates and are of 
triangular shape. The anterior, which is the larger, is situated at about the 
middle of the length of the body, the other a little further back. The caudal 
fin fringes the tail. It consists of a narrower dorsal portion and a broader 
ventral, continuous with one another round the extremity of the tail, the latter 
divided by a notch into a larger anterior, and a smaller posterior lobe. The 
tail is keterocercal, i.e. the posterior extremity of the spinal column is bent 
upwards and lies in the dorsal portion of the caudal fin so that the lobes of the 
fin have come to be imequal. The so-called anal fin is situated on the ventral 
surface. In Scyliorhinus it is to be found opposite the interval between the 
anterior and posterior dorsals. In Hemiscyllium it is situated behind the pos- 
terior dorsals, which it resembles in size and shape. 

Of the lateral fins there are two pairs, the pectoral and the pelvic. The 
pectorals are situated at the sides of the body, just behind the head. The 
pelvics, which are the smaller, are placed on the ventral surface, dose together, 
about the middle of the body. In the males the bases of the pelvic fins are 
united together in the middle line, and each has connected with it a clasper or 
copulatory organ. The latter is a stiff rod, on the inner and dorsal aspect of 
which is a groove leading forwards into a pouch-like depression in the base of 
the fin. 

The mouth — a transverse, somewhat crescentic opening — ^is situated on the 
ventral surface of the head, near its anterior end. In front and behind it is 
bounded by the upper and lower jaws, each bearing several rows of teeth with 
sharp points directed backwards, and adapted for holding and wounding. 
The teeth are replaced as they become severely worn or broken. The teeth 
of elasmobranchs were formerly confidently homologised with those of other 
vertebrates, but this is now called into question. In some elasmobranchs 
accessory teeth are borne on the branchial cartilages. The nostrils are situated 
one in front of each angle of the mouth, with which each is connected by a wide 
groove — the naso-buccal groove. In Squalus the outer edge of the groove is pro- 
longed into a narrow subcylindrical appendage — the barbd. A small rounded 
aperture, the spirade — ^placed just behind the eye — Pleads into the large pharynx. 
In the spiracle is located a leaf-shaped gill-like organ, the pseudobranch (p. 205}. 
This may be an organ of special sense. It is not essentially respiratory in 
function, since before the blood reaches the pseudobranch it is already oxy- 
genated. There are five branchial slits on each side of the head behind the 
spiracle (Fig. 155). They lead internally into the pharynx. A large median 
cloacal aperture opens on the ventral surface at the root of the tail between the 
pelvic fins. The cloaca is a chamber forming the common outlet for the intes- 
tine and the renal and reproductive organs. A pair of small depressions, the 
enigmatic abdominal pores, are situated behind the cloacal opening and lead 
into narrow passages opening into the abdominal cavity. 
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The skeleton is composed entirely of cartilage (p. 73), “with, in certain 
places, depositions of calcareous salts. As in vertebrates in general we dis- . 
tinguish two sets of elements in the skeleton— the axial set and the appendicular. 
The former comprises the skull and spinal colunrn ; the latter the limbs and 
their arches. 

The spinal column is clearly divisible into two regions — those of the trunk 
and tail. In the trunk-region each vertebra (Fig. 156, A and B) consists of a 
centrum (c), neural arch (ft. a.), and transverse processes {tv. pr.). In the 
caudal region there are no transverse processes, but inferior or hamal arches 
(C., D., h. a.) take their place. The centra of all the vertebr® are deeply 
biconcave or amphicoelous, having deep conical concavities on their anterior 


Fio. 156. — ScyUmrMwua! 
Vactelml coliuim. A and h, 

from the trunk ; C and Z), from 
the middle of the tail; A and 
C, two vertebrae in longitudinal 
section; B and X>, single verte- 
brae viewed from one end. b, 
calcified portion of centrum; 
c. centrum; for. foramen for 
dorsal, and for*, for ventral root 
of spinal nerve; h. a. haemal 
arch (basi-ventral) ; /i. c, haemal 
canal; A. haemal spine; t.n.p. 
intercalary piece (interdorsal, 
or intemeural plate); n, a. 
neural arch; n. c. neural canal; 
n. p. neural plate (basi-dorsal) ; 
n, sp, neural spine; ntc. inter- 
vertebral substance (remains of 
notochord) ; r. proximal portion 
of rib ; tr. pr, transverse process 
(basal stump). (After T. J. 
Parker.) 



and posterior surfaces. Through the series of centra are found remnants of 
the notochord {nic.). These are constricted in the centrum itself. In the large 
spaces formed by the apposition of the amphicoelous centra of adjoining 
vertebra, a residual pulpy mass occurs. The concave anterior and posterior 
surfaces of the centra are covered by a dense calcified layer, and in Squalus 
eight radiating lamella of calcified tissue run longitudinally through the sub- 
stance of the centrum itself. The centra, tmlike those of the higher forms, are 
developed as chondrifications of the sheath of the notochord into which ceUs of 
the skdetogenous layer have migrated. On the dorsal side of the row of centra 
the spinal column is represented by the series of neural arches which suf^rt 
the walls of the spinal canal (n. c.). Owing to the presence of a series of 
intercalary cartilages the neural arches appear to be tvrice as numerous as the 
centra. Each neural arch consists on each side of a process, the neural process 
(given of! from the centrum), and of a small cartilage, the neural plate {fmi- 
dorsal), which becomes completely fused with Uie neural jsocess in the adult. 
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Between successive neural plates (the width of each of which is only about half 
the length of the centrum) is interposed a series of plates of veiy similar shape, 
the interdorsal or interneural plates (inp.). Small median cartilages, the neural 
spines, fit in between both neural and interneural plates of opposite sides and 
form keystones completing the arches. 

The transverse processes arc very short. Connected with each of them is a 
rudimentary cartilaginous rib (r.) about half an inch in length. 

The cranium (Fig. 157) is a cartilaginous case, the wall of which is con- 
tinuous throughout, and not composed, like the skulls of higher vertebrates, of 



Fig. 157.— Braehteturus: Skull, visceral arches, and anteriw part of spinaleidnniB. The bran- 

chial rays are not represented. The skull and hyoid arch are somewhat drawn downwards, so 
that the hyoid and first branchial arch are not exactly in their natural relations, cer, hy. cerato- 
hyal; ep. br. i. ep, hr, 5, first and fifth cpibranchials; gl. aperture for glossopharyngeal nerve; 
b, hy. basihyal; hy. mn. hyomandibular; interc. intercalary (interdorsal) plates; ntek. Meckel’s 
cartilage; neur. neural processes; olf. olfactory capsule; oc. foramen for oculomotor; oph. i, 
foramen for ophthalmic division of facial nerve; oph. 2, foramen for ophthalmic division of 
trigeminal; opt. optic foramen; pal. q. palatoquadrate ; path, foramen for 4th nerve; ph. hr. i and 
ph. br, 5, first and fifth pharyngobranchial; sp. neural spines; tr. transverse processes and ribs; 
tri. foramen for trigeminal nerve. 


a number of distinct bony elements fitting in together. At the anterior end is 
a rostrum, consisting in Scyliorhinus of three cartilaginous rods converging as 
they extend forwards and lateral ones meeting anteriorly. At the sides of the 
base of this are the olfactory capsules {olf.) . These are thin rounded cartilaginous 
sacs opening widely below, the cavities of the two capsules being separated 
from one another by a thin septum. The part of the roof of the cranial cavity 
behind and between the olfactory capsules is formed not of cartilage, but of a 
tough fibrous membrane, and the space thus filled in is termed the anterior 
fontanelle. In contact with the lower surface of the membrane is the pineal 
body (p. 128). Each side-wall of this part of the skull presents a deep concavity 
^the orbit over which is a ridge-like prominence, the supraorbital crest. 
This termmates anteriorly and posteriorly in obscure processes termed i®* 
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spectively the preorbitcd and postorbital processes. Below the orbit is a longi- 
tudinal infraorbital ridge. 

Behind the orbit is the otic region in which the parts of the membranous 
lab3^nth of the internal ear are embedded. On the upper surface of this 
posterior portion of the skull are two small apertures situated in a mesial 
depression. These are the openings of the endolymphatic ducts, leading into 
the vestibule of the membranous labyrinth. Behind this again is the oc- 
cipital region, forming the posterior boundary of the cranial cavity, and 
having in the middle a large rounded aperture — ^the foramen magnum. Through 
this the spinal cord, contained in the neural canal and protected by the neural 
arches of the vertebrae, becomes continuous with the brain. Below this, on 
either side, is an articular surface — the occipital condyle — for articulation with 
the spinal column. Between the two condyles is a concavity, like that of the 
vertebral centra, containing notochordal tissue. 

A number of smaller apertures, or foramina, chiefly for the passage of nerves, 
perforate the wall of the skull. Behind and to the outer side of the anterior 
fontanelle are apertures (oph. 2, i) through which the ophthalmic branches of 
the fifth and seventh nerves leave the skull. Piercing the inner wall of the 
orbit are foramina through which the optic or second pair of cerebral nerves 
(opt.), the oculomotor or third, (oc.), the trochlear, or fourth (path), the trige- 
minal, or fifth (tri), the abducens, or sixth, and the facial, or seventh, leave the 
interior of the cranial cavity. Just behind the auditory region is the foramen 
for the glossopharyngeal (gl). In the posterior wall of the skull, near the 
foramen magnum, is the foramen for the vagus. 

In close connection with the cranium are a number of cartilages comf>osing 
the visceral arches (Figs. 157 and 158). These are incomplete hoops of cartilage, 
mostly segmented, which lie in the sides and floor of the mouth-cavity or 
phar3nax. The first of these forms the upper and lower jaws. The upper jaw, 
or palatoquadrate (pal. q), consists of two stout rods of cartilage firmly bound 
together in the middle line and bearing the upper series of teeth. The lower 
jaw, or Meckel’s cartilage (mck), likewise consists of two stout tooth-bearing 
cartilaginous rods firmly united together in the middle line. This kind of 
union is a symphysis. At their outer ends the upper and lower jaws articulate 
with one another by a movable joint. In front the upper jaw is connected by a 
ligament with the base of the skull. 

Immediately behind the lower jaw is the hyoid arch. This consists of two 
cartilages on each side, and a mesial one below. The uppermost cartilage is 
the hyomandibular (hy. mn). This articulates by its proximal end with a 
distinct articular facet on the auditory region of the skull. Distally it is con- 
nected by ligamentous fibres with the outer ends of the palatoquadrate and 
Meckel’s cartilage. The lower lateral cartilage is the ceratohyal (cer. hy.). Both 
the hyomandibular and ceratohyal bear a number of slender cartilaginous rods 
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—the branchial rays of the hyoid arch. The mesial element, or basihyal [b. hy.), 
lies in the floor of the pharynx. Behind the hyoid arch follow the branchial 
arches, which are five in number. Each branchial arch, with exceptions to 
be pr^ntly noted, consists of four cartilages. The uppermost of these— 
pharyngobranchial (ph. br. j-ph. br. 5)— lie in the dorsal wall of the pharynx, 
not far from the spinal column. The pharyngobranchials of the last two arches 
are fused together. The next in order— the epibranchials {ep. 6f.)— with the 
exception of those of the last arch, bear a number of slender cartilaginous rods— 


Fig. 158. — Braehmlunts: Visceral arches. Ventral view. Letters as in preceding figure. 
In addition — b. br. basibranchial plate; cer. br. ccratobranchials; hyp. br. hypobranchials. 

the branchial rays — ^which support the walls of the gill-sacs. The next — the 
ceratobranchials {cer. br.) — are, with the same exception, similarly provided. 
The hypobranchials {hyp. br.), which succeed these, are absent in the case of the 
first and fifth arches. In the middle line on the floor of the pharjmgeal cavity 
is a mesial cartilage — the basibranchial (Fig. 158, b.hr .) — ^which is connected 
with the ventral ends of the third, fourth, and fifth arches. A series of slender 
curved rods — the extrabranchials — lie superficial to the br anchial mxdies, along 
the borders of the corresponding external branchial clefts. The branchial arches 
not only support the gills ; their jointed flexible structure also allows muscular 
pharyngeal movements which maintain the respiratory cuitent of <Mt3^|enated 
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sea-water. The pharyngeal walls expand, and the floor of the mouth is de- 
pressed. This causes water to flow into the buccal cavity. The mouth is now 
closed and the floor raised. This drives the imprisoned water out through the 
gill-slits. As it passes over the extensive capillary surface carbon dioxide 
is liberated and oxygen is taken up by the heemoglobin carried in the red blood 
cells (pp. 70. 343)- 

The above movements are carried out by the lateral plate and myotomal 
hypoglossal muscles, the first innervated by vagus and glossopharyngeal nerves 
and the second by the hypoglossal (p. 130). 

Two pairs of delicate labial 
cartilages are present at the sides 
of the mouth, and a couple at the 
margins of the openings of the 
olfactory capsules. 

The skeleton of all the fins — 
paired and .unpaired — ^presents a 
considerable degree of uniformity. 

The main part of the expanse of 
the fin is supported by a series of 
flattened segmented rods, the 
pterygiophores or cartilaginous fin- 
rays, which lie in close apposition. 

In the case of the dorsal fins these 
may be partly calcified. At the 
outer ends of these are one or more 
rows of polygonal plates of carti- 
lage. On each side of the rays 
and polygonal cartilages are a 
number of slender ‘ homy ’ rays or 
ceratotrichia of dermal origin. On 
account of their appearance and hom-like consistency, these stractures are 
commonly referred to as homy. They do not, however, consist of true hom, 
which is always epidermal in origin. They are composed of dastin, charac- 
teristic of elastic connective-tissue fibres. 

In the smaller median fins there may be an elongated rod of cartilage con- 
stituting the skeleton, or cartilage may be entirely al»ent. In the pectoral 
fin (Fig. 159) the fin-rays are supported on three bastd ceaiilages articulating 
with the pectoral arch. The latter (pea.) is a strong hoop of cartilage incom- 
plete dorsally, situated inunediately behind the last of the bra nc hial arches. 
It consists of a dorsal, or scapular, and a ventral, or coracoid portion, the cora- 
coid portions of opposite ades beit^ completely continuous across the middle 
line, while the scapulas are separated by a wide gap in whidr the spnal column 



Fig. 159. — Braehagiuruft: Peotofftl and fin. 

d. r. dermal homy rays; meso. mesopterygium ; meta. 
metapterygiuxn ; pectoral arch ; pro. proptcry- 

gium. 
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lies. Between the two portions are the three articular surfaces for the three 
basal cartilages. The coracoid portions are produced forwards in the middle 
line into a flattened process supporting the floor of the pericardial cavity in 
which the heart is lodged. The three basal cartilages of the fin are named, 
respectively, the anterior, propterygium {pro,), the middle, mesopterygium 
{meso,), and the posterior, metapterygium (meta). Of these the first is the 
smallest and the last the largest. The first bears only one large ray ; the other 
two bear twelve or more rays, differently arranged in the two genera. 

The pelvic fin (Fig. 160) has only a single basal cartilage (meta) articulating 
with the pelvic arch, with which also one or two of the fin-rays articulate 
directly. The pelvic arch {pelv.) is a nearly straight bar of cartilage which 

runs transversely across the Ventral surface of 
the body, just in front of the cloacal opening. 

Brief mention may be made of locomotion 
in elasmobranch fishes. The dogfish swims 
largely by means of the contraction of the 
muscle-fibres of its myotomes. Forward 
motion is carried out by alternate rhythmic 
waves of myotomal contraction passing 
posteriorly from the head and transverse 
thrusts of the tail. The first process depends 
partly on the presence of the vertebral column, 
which forms a resistant central axis. As Gray 
has shown, the muscle contractions undulate 
the streamlined body and thrust it ahead 
by transmitting a backward momentum to the 
surrounding water and pushing this back in a 
manner not essentially different from the operation of the man-made propeller 
(see also p, 86). The dogfish cannot move backwards. Lampreys (p. 176) 
and eels (p. 296) are able to do so because they can send contraction waves 
anteriorly. Most bony fishes can swim smoothly in reverse by fin-motion. In 
these, the evolution of the swim-bladder (p. 339), a hydrostatic organ, opened 
up all kinds of locomotory possibilities. 

In the dogfish and in sharks generally the fins (including the caudal) are 
essentially stabilising and steering organs. Lacking a swim-bladder^nd lungs, 
cartilaginous fishes are heavier than sea-water. The specific gravity of a dogfish 
is about i*o6 compared with the 1-03 of sea-water, and so it must exert a lift 
with pectoral fins and the lower lobe of its tail in order to stay afloat. It 
is of great interest that all fishes that have developed an air-bladder or lungs 
seem to have at earlier stages of evolution possessed a shark-like tail, having 
only later developed the outwardly synunetrical caudal fin of familiar ‘fish- 
tail' form (Figs. 204, 302). 


pelv 



Fig. 160. — Brack tpiurua: Pelvic 
arch and pelvic fin. meta, meta- 
pterygium ; pelu, pelvic arch. 
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Alimentary Cuial and Assoeiated S^etures (Fig. 161). The mouth leads 
into a very wide cavity, the pharynx, into which open the lateral aspects of 
the internal apertures of the branchial clefts and the spiracle. From this runs 
backwards a short, wide, muscular-walled tube — the oesophagus (obs.) — ^which 
passes behind into the stomach. It will be recalled that no true stomach occurs 
in the Agnatha (p. 164). Among the Gnathostomata it is of almost universal 
occurrence. It exhibits great variation, however, and has been secondarily 
lost, in so far as histological structure is concerned, in certain highly specialised 
teleosts (p. 293), the Dipnoi (p. 361) and the Holocephali (p. 262). In the dog- 
fish it is of a peculiar U-shape with a long left limb continuous with the oeso- 
phagus, and a short right one passing into the intestine. 

The stomach is a capacious, muscular-walled, epithelium-lined bag in which 
the remains of fish, crabs, and other prey may be found. The acid secretion of 
the stomach prevents bacterial decomposition. The action of the powerful 
stomach-muscles helps to disintegrate the solid particles, thus providing a 
greater area for attack by proteolytic pepsin or a similar enz3mie. 

At the pylorus (Pyl.) — the point where the stomach joins the intestine — 
is a slight constriction, followed by a thickening, the pyloric sphincter. This 
circular muscle ensures the retention of food in the stomach until stimuli 
cause it to relax and allow the particles to move through into the smaU intestine. 

The small intestine is exceedingly short, measuring only an inch or two 
long. There next follows the large intestine, which is longer, much wider, and 
divisible into an anterior colon {col.) and a narrow rectum which terminates at the 
cloaca. Two prominent glands pour their secretions into the smcJl intestine 
— the liver {liv.) and the pancreas {pancr.). The liver is a large bi-lobed gland. 
At the anterior end of the left lobe is embedded a rounded sac, the gall-bladder 
{g. hi.). Ducts connect each lobe of the liver with the gall-bladder and carry 
to it the bile or gall, which is subsequently passed down the bile-duct (b. del.) into 
the small intestine near the beginning of the colon. 

The pancreas is a pale, compressed gland consisting of two main lobes 
with a broad connecting isthmus. It lies in the angle between the right-hand 
limb of the stomach and the small intestine. Its duct, the pancreatic duct, 
carries digestive enzymes elaborated by the gland and enters the wall of the 
intestine, runs in it for about half an inch, and eventually opens at a point near 
the begiiming of the colon. 

Little is known of the digestive processes of the elasmobranch fishes. No 
doubt the bile acts primarily as an emulsifying agent upon ingested fats, 
separating them into minute droplets more readily accessible to the action of 
lipases. From the pancreas, and possibly also from the gut- wall, come other 
enzymes which hydrolyse carbohydrates and proteins. Absorption takes place 
largely in the colonic region, which is equipped with an anterior spiral valve. 
This ^gins at the end of the duodenum ; it is a richly glandular fold of tissue 
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which runs spirally around the intestine and both retards the too rapid passage 
of food and affords a more extensive area for absorption of digested sub- 
stances. The intestinal wall is invested with a ramification of capillaries which 
unite to form larger vessels which communicate with others from elsewhere 
(p. 1 12) as the hepatic portal vein and carry absorbed substances to the liver. 
There is little doubt that this gland is the site of manifold activities as in higher 
craniates. Apart from its role in the utilisation and transformation of absorbed 
substances, it probably also destroys effete red blood cells since Kupffer cells 
have been demonstrated in the liver of dogfish. 

In addition to its exocrine activity, the pancreas has a second and endocrine 
function. In the pancreatic tissue (cf. Petromyzon, p. 185) islets of Langerhans 
occur in dose assodation with blood capillaries, which carry away a hormone 
which probably has many of the same actions as insulin in higher vertebrates. 
There is some evidence that the islet-tissue is derived from intra-lobular ducts. 


Thus we may have another (see also p. 148) example of an older stracture 
being converted to endocrine function. 

The third gland opening into the alimentary tract, the rectal or digUiform 
gland, is small yet prominent. It is only about three-quarters of an inch long, 
and is of enigmatic function. It would seem, however, that it is by no means 
inactive. The gland has a central space lined with layers of cuboidal cells. 
Other cells of apparently secretory activity have what may be collecting ducts 
in their vicinity, and these ducts unite to form the short prindpal duct that 
empties into the rectum. At the same time the gland is highly vascular and 
conspicuously lymphoid. It is absent in actinopterygians, but appears to be 


present in the coelacanth Latimeria (p. 360). 

Morphologically assodated with the alimentary canal 
is the spleen (spl.), a dark red body attached to the con- 
vexity of the U-shaped stomach. It sends a narrow lobe 
along the right-hand limb and is attached by means of a 
gastrospienic omentum (see p. 74). The spleen is part of 
the blood-vascular system and in higher vertebrates has 
blood storage and other less obvious functions (p. 273). 

Respinton.— The organs of respiration are the gUls, 
situated in five giU-sacs. Each branchial sac (Fig. 162) is 
an antero-posteriorly compressed cavity opening intern- 
ally into the ph!ur3mx and externally by the correspond- 
ing gill-slit. The walls of the pouches are supported by 



Fig. 162.— Braeliii!- 
Iuru 9 : BxmitM lac. 
(Exposed from the ex* 
terior.) 


the brandual and hydd arches with their rays, the first poudt being situated 


between the hyoid and first brandual arches, the last between the fourth and 


fifth brandual arches. On the anterior and posterior walls of the pouches are 


the gills, eadi hemibranch (p. 106) consisting of a series of dose-set parallel 
folds of highly vascular membrane. Through this exceedingly thin membrane 
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occur gaseous exchanges between the animal and the sea-water that is forced 
by buccal and pharyngeal musculature into the mouth and out through the 
giilg (Fig, 73, p, io6). Carbon dioxide is given off by the blood and oxygen 
is taken up by its haemoglobin. The re-oxygenated blood meamwhile continues 
its journey towards the dorsal aorta for re-distribution throughout the body 
(see below). 

Separating adjoining gill-pouches, and supporting the gills, is a series of 
broad interbranchial septa, each containing the corresponding bramchial arch 
with its connected branchial rays. The most anterior hemibranch is borne 
on the posterior surface of the hyoid arch. The last gill-pouch differs from the 
rest in having gill-folds on its anterior wall only. On the anterior wall of the 
spiracle is the pseiidobranch (p. 320). 

Blood-vaseular System. — This follows the general vertebrate plan already 
observed in the Agnatha. The heart is situated in the pericardial cavity on 
the ventral aspect of the body, in front of the pectoral arch, and between the 
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Fig. 163. — Muatelus: Heart and branchial dronlation. (Redrawn after various authors.) 


two series of branchial pouches. The dorsal wall of the pericardial cavity is 
supported by the basibranchial cartilage. Placing it in communication with 
the abdominal cavity is a canal — the pericardio-peritoneal canal. The heart (Fig. 
161) consists of four chambers — sinus venosus (sin .) , atrium {aur.) , ventricle {vent .) , 
and conus arteriosus (con .) — through which the blood passes in the order given. 
The sinus venosus is a thin-walled, transverse, tubular chamber, into the end of 
which the great veins open. It is here that the heart-beat originates (p. 109), 
and in it is an extensive nerve plexus connected with a branch of the vagus. 
Vagal stimulation slows the heart-rate. There is no ' antagonistic ’ accelerator 
brawh from the sympathetic system sudi as occurs in higher forms (see p. 119). 

he contractile sinxis venosus communicates with the atrium by an 
aperture, the sinu-atrial aperture. The atrium is a large, three-cornered, 
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thin-walled chamber. It is situated in front of the sinus venosus and dorsal 
to the ventricle. Its apex is directed forwards, and its lateral angles project 
at the sides of the ventricle; it communicates with the ventricle by a ^t-like 
aperture guarded by a two-lipped valve. Contraction of the atritun drives 
blood into the ventricle. This is a thick-walled, globular chamber, forming 
the most conspicuous part of the heart when looked at from the ventral surface. 
The muscles of the ventricle contract and raise the blood pressure to All the 
conus arteriosus, which runs forwards as a stout median tube to the anterior 
end of the pericardial cavity, where it gives off the ventral aorta. It contains 
two transverse rows of valves, anterior and posterior, the former consisting of 
three, the latter of three or four. The ventral aorta (Fig. 163) gives origin to a 
series of paired afferent branchial arteries, which carry deoxygenated blood 
to the branchial pouches. In Scyliorhinus the two most posterior arise close 
together near the beginning of the ventral aorta, the third pair a little further 
forwards. The ventral aorta then runs forwards and bifurcates to form the left 
and right common stem of the first anci second afferent arteries, each of which in 
turn bifurcates to form the first and second afferent vessels of its side. In 
Squalus (Fig. 164 A, B) the arrangement is somewhat more primitive. 

From the gills oxygenated blood passes by means of the efferent branchial 
arteries. These efferent vessels (Fig. 163) form a series of loops, one running 
around the margin of each of the first four internal branchial clefts. A 
single vessel runs along the anterior border of the fifth branchial deft and 
opens into the fourth loop. The four main efferent branchial vessels {epi- 
branchials) run inwards and backwards from the loops above the mucous 
membrane investing the roof of the pharynx to unite in a large median 
trunk — the dorsal aorta (d. ao.). From this thick-walled artery the blood is 
redistributed to tissues all over the body. A dorsal carotid artery is given off 
from the first efferent branchial. A branch (hyoidean) given off from the 
same efferent vessel supplies the pseudobranch (p. 230) and is then taken up by 
the ventral carotid. Both carotids run forwards to supply the head. 

The large dorsal aorta (Fig. 163) runs backwards throughout the length of 
the body-cavity, giving off numerous branches, and is continued as the caudal 
artery, which runs in the canal enclosed by the inferior arches of the caudal 
vertebrae. The first pair of branches are the subclavians, for the supply of the 
pectoral fins. These are given off from between the third and fourth padrs of 
epibranchial auteries. The next branch is the unpaired caeliac (Fig. 161, ccel.). 
This runs in the mesentery and divides into branches for the supply of the 
stomach and liver, the first part of the intestine, and the pancreas. The 
anterior mesenteric artery, also median, supplies the rest of the intestine and 
gives off branches to the reproductive organs. The lienogastric supplies part 
of the stomach, the spleen, and part of the pancreas. The posterior mesenteric 
is a small vessel mainly supplying the rectal gland. Paired renal arteries carry 
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Fig. 164. — SgtiafiM: Circolation. A, 
ventral; B, lateral view of a relatively 
primitive genus with persistent larval 
characters, a. ca. anterior cardinal 
sinus; a. c. e. external carotid artery; 
af, hyoidean afferent branchial artery: 
af 4, fourth afferent branchial artery; 
a. h. s. superficial hyoid artery; a. m. v. 
ventral mandibular artery; a. s. sta- 
pedial artery ; a, t. anterior thyroid artery 
(last three branch from the external 
carotid); Atr. atrium; 6. a. brachial ^ 

artery; b. v. brachial vein ; c. a. conus ^ , ... 

arteriosus; cd. a. caudal artery; cd. v. caudal vein; ee, a. anterior cerebral artery; filth pii 
slit; cl. V. cloacal vein; c. m. caudal mesonephros; ca. a, coeliac artery; d. a. paired dorsal ^rta. 
e. a. anastomosis between efferent collector loops; e. c. efferent collector loop; ep. 1-4, fim ana 
fourth epibranchial arteries; e. s. efferent pseudobranchial artery; /em. v, femoral Y® /• 
anterior facial vein; g. a. gastric artery; h. a. hepatic artery; h. e. hyoidean epibranchim artery. 
A. /). hepatic portal vein ; A. 5. hepatic sinus; Ay. s. hyoidean sinus; i. c. mtwmal carotid ^ery . 
i. e. c. intracranial branch of the spiracular epibranchial artery; i.f. inferior jugular sinus; w. 
iliac artery; in. a. innominate artery; i. p. intestino-pyloric artery; i. v. intcrorWtal vein; f. 
lateral artery; la. v. lateral abdominal vein; 1 . e. v. supeiior lateral cutaneous vein; H, a. lieno- 
gastric artery; m. ant. anterior mesenteric artery; m, post, posterior mesenteric artery; o. w. 
great ophthalmic artery; or. p. post-orbital sinus; or. s. orbital sinus; p. c. posterior caroina 
sinus; p. ce. posterior cerebral vein; Pel. pelvic cartilage; p. s. afferent ^udobr^chiaJ artery; 
r. p. renal portal vein; red. a. rectal artery; s. a. subclavian artery; s. e. subclavian vein; 
submental sinus; s. subscapular sinus; s. o. sinus venosus; f. a. ventral aorta; o. #. vertebra 
artery; Vent, ventricle; v. f. thyroid vein; v. i. inter-renal portion of posterior cardinal sinus, 
V. i. a. anterior intestinal vein; v. i. p. posterior intestinal vein; v. j. base of jugular vein; v. «• «• 
ventro-lateral artery. (After O'Donoghue and Abbot.) 
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a small quantity of arterial- blood to the kidneys, and a pair of Uiae arteries, 
likewise of small »ze, pass to the pelvic fins. In addition to these, a number 
of small parietal arteries, which supply the wall of the body, axe given off 
throughout the length of the aorta. 

The gills, as we have seen, stand between the heart and the dorsal aorta. 
Because of their resistance, the blood pressure in the dorsal aorta is much 
lower than in the ventral aorta. This is in great contrast to animals having a 
double circulation where the pressure lost in the passage through the respira- 
tory capillaries is made up again when the blood returns to the left ventride. 
In such animals distribution from the dorsal aorta is always at high pressure. 

Venous return is probably partly assisted by the large and widespread 6/ood 
sinuses that characterise the venous system of elasmobranchs. The veins 
have very thin walls, but the larger trunks are remarkable for sinusoidal 
dilatations, which are, of course, true vessels, and not to be confused with the 
blood sinuses found in invertebrates. Little knowledge concerning their 
precise mode of action is available but, as resistance is lowered by the widening 
of a vessel, it would seem that the sinuses may be adaptations that, along with 
the thin-walled sinus venosus, help to ensure that a supply of blood is constantly 
available to the muscular chambers of the heart. Little is known about 
the possible auxiliary action of somatic muscles of the kind that help squeeze 
the blood towards the heart in higher groups (see p. 78 ). There is evidence 
that a suction mechanism, made possible by the box-like cartilaginous frame- 
work (lined by the pericardium), considerably assists venous return. This 
structure is made up above by the basibranchial plate and below by the 
pectoral girdle. A pericardio-peritoneal canal penetrates from pericardium 
into the coelom of the abdomen, where it narrows markedly. This ranal may 
act as a valve that helps maintain a negative venous pressure by means of a 
one-way flow of fluid from pericardium to coelom. Certainly when the atri um 
and ventricle powerfully contract, the pressure in the pericardium falls sharply 
and a compensatory flow of venous blood pours into the thin-walled sinus 
venosus in much the same way as the mammalian lung is filled with air. 

An outline of the veins in Scyliorhinus is as follows. The blood comes 
back from the head region by a pair of jugular or anterior cardinal sinuses, 
and from the trunk by a pair of posterior cardinal sinuses. At the level 
of the sinus venosus the anterior and posterior cardinals of each side unite 
to form a short, nearly transverse sinus, the precaval sinus or ductus Cuvieri, 
whidi is continued into the lateral extremity of the sinus venosus. Into the 
precaval sinus, about its middle, opens an inferior jugular sinus which 
brinp back the blood from the floor of the mouth and from the ventral 
surface of the branchial region. The two posterior cardinal sinuses extend 
backwards throughout the length of the body-cavity. In front are 
enormously dilated ; behind they lie between the kidneys. Anteriorly each 
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receives the corresponding subclavian vein bringing the blood from the pectoral 
fin and adjacent parts of the body-wall. The lateral vein {la. v.), instead of 
joining with the subclavian, opens separately into the precaval. The genital 
sinus discharges into the posterior cardinal sinus. 



Sv 


Fig. 165. — Scyliorhinus: Brain. dorsal view; B, ventral view ; C. lateral view. F.rho. 
fossa rhomboidalis (fourth ventricle); Gp, epiphysis; HH, cerebellum; HS. H, hypophysis; 
L. ol. olfactory bulb; MH, mid-brain; NH, medulla oblongata; Sv, saccus vasculosus; Tro. 
olfactory peduncle; UL, lobi inferiores; VH, prosencephalon; ZH, diencephalon; //, optic 
nerves; III, oculomotor; IV, trochlear; V, trigeminal; VI, abducens; VII, facial; VIII, 
auditory; 7 A”, glossopharyngeal; A’, vagus. (After Wiedersheim.) 

There are two portal systems of veins, the renal and the hepatic portal, 
by which the kidneys and liver, respectively, are supplied with venous 
blood. The caudal vein, which brings back the blood from the tail, runs, 
along with the caudal artery, through the inferior arches of the vertebra. 
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It divides on entering the abdominal cavity into right and left renal portal 
veins. These end in a number of afferent renal veins suppl3dng the kidneys. 

The hepatic portal vein (h. p.) is formed by the confluence of veins derived 
from the intestine, stomach, pancreas, and spleen, and carries blood and 
digested food-substances forwards to enter the liver to the right of the mid-line. 
The above does not apply to all species of dogfish (which fall into two sub- 
orders). Differences in Squalus, a less advanced form retaining certain larval 
characters in its blood vascular system, can be seen in Fig. 164. 

Nervous System. — In the elasmobranch fishes the brain is large and highly 
organised and shows a considerable advance on that of the Cyclostomata. 
Anteriorly it consists of a rounded smooth telencephalon: both roof and floor 
are considerably thickened and meet internally in the mid-line, dividing the 
original median ventricle of the end brain into paired ventricles. It is probable 
that the end-brain in these animals serves principally as an apparatus for ana- 
l3rsing olfactory impulses. From its antero-lateral region each hemisphere gives 
off a thick cord, which dilates into large masses, the paired olfactory bulbs (L. ol.), 
each closely applied to the posterior surface of the corresponding olfactory 
organ. This structural arrangement is not inconsistent with the numerous 
accounts of naturalists and fishermen claiming high olfactory powers for 
selachians (p. 275). 

The diencephalon {ZH) has a very thin roof. Its lateral walls are composed 
of two thickish masses, the thalami. Attached to the roof is a slender tube, the 
epiphysis cerebri ox pineal organ (Gp.), which runs forwards and terminates in a 
slightly dilated extremity fixed to the membranous part of the roof of the skull. 
The pineal body does not appear to be secretory, nor does it retain any structure 
suggesting visual function (cf. Petromyzon, p. 189: Minnow, p. 345). The 
hypothalamus in the floor of the diencephalon is well-developed and may, as in 
‘ higher ’ vertebrates, be concerned with the regulation of various uncondi- 
tioned reflexes and visceral functions. Two rounded bodies — ^the lobi inferiores 
— are prominent. These are dilated portions of the infundibulum. Behind, 
these give off a thin-walled, pigmented, vascular outgrowth — ^the saccus 
vascnlosus (Sv.). We will see that this peculiar characteristic organ is highly 
developed in the bony fishes as well. It may be a pressure receptor centre. 

Attached to the infundibulum and extending backwards from it is a thin- 
walled sac — the pituitary body or hypophysis {HS.H) . In the pituitary, anterior, 
intermediate, tuberal, and neural (or posterior) ‘lobes’ occur. Probably a 
chromatophore-expanding hormone and gonadotrophic hormones occur. The 
th3u:oid gland (p. 151) is said not to be markedly influenced by hypophysectomy 
(cf. teleost fishes, p. 346). 

In front of the infundibulum, and also on the lower surface of the dien- 
cephalon, is the optic chiasma, formed by the decussation of the fibres of the 
two optic tracts. 
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The mid-brain (MH) is large. It consists dorsally of a pair of oval optic 
lobes which form the tectum. These receive the optic tracts and, in addition, 
fibres which transmit a variety of afferent impulses unconnected with optical 
stimulation. There is, too, experimental evidence that efferent fibres from the 
mid-brain influence spinal centres. The floor of the mid-brain is almost con- 
tinuous with the ventral surfaces of hind-brain and spinal cord. 

The cerebellum (HH) is large and elongated in the antero-posterior direction. 
Its anterior portion overlaps the optic lobes, its posterior, the medulla ob- 
longata. Its surface is marked with a few fine 
grooves. Into it lead sensory fibres from the ear 
and others from the facial, glos£!ot>har3mgeal, and 
vagus nerves which carry afferent impulses from the 
lateral line system. The main |>art of the cerebellum 
(the median body) is disproportionately large in the 
biggest sharks and rays. The medulla oblongata 
(NH), broad in front, narrows posteriorly to pass 
into the spinal cord. The fourth ventricle (F. rho.) is 
a shallow cavity in the medulla oblongata covered 
dorsally only by a thin vascular membrane, the 
choroid plexus: it is wide in front and gradually 
narrows posteriorly. At the sides of the anterior 
part of the fourth ventricle are a pair of folded ear- 
shaped lobes, the auricular lobes of the cerebellum. 
These correspond with the flocculi of more advanced 
vertebrates. The medulla gives off a series of cranial 
nerves (p. 133). Of particular interest are those 
which are concerned with the control of branchial 
respiration and cardio- vascular activities. We have 
seen that in air-breathing vertebrates an important 
part of the mechanism for respiratory control is still 
located in the medulla in spite of the fact that the mode of respiration is 
radically different. 

The fourth ventricle (Fig. 166, meta.) is continuous behind with the central 
canal of the spinal cord. It. extends into the cerebellum dorsally, and in front 
is continuous with a narrow passage, the aqueduct of the mid-brain, which 
opens anteriorly into a wider space, third ventricle {dia.) occupying the interior 
of the diencephalon. The third ventricle extends into the telencephalon and 
is prolonged into the cerebral hemispheres as the lateral ventricles on each 
side. 

Cranial Nerves. From the anterior enlargements of the olfactmy bulbs 
already mentioned spring numerous fibres which constitute the first pair of 
cranial nerves (olfactorius) and enter the olfactory capsules. Between the 



Fig. 166. — Hetniseyl^ 
Hum: Belationship of bniiii 
ventricles, ccr. dilatation from 
which the epiccele is given off ; 
dia, diaccele (third ventricle) 
pointing to the opening leading 
into the infundibulum; iter, 
iter or mesocoele ; meta. meta* 
ccele (fourth ventricle); opt. 
optoccelc ; para, paracoele ; 
pros, prosoccele ; rh. rhinocoele. 
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two olfactory lobes two small nerves, the terminal or pre-olfactory, arise from 
the telencephalon. These connect with the interior of the olfactory sacs. 
From the optic chiasma two tracts (see p. 130) (Figs. 92, p. 143 ; and 167) 
run outwards through the optic foramina into the orbits, ea^ perforating the 
sclerotic of the corresponding eye and terminating in the retina. The third 
{oculomotorius), fourth (trochlear), and sixth (abducens) pairs of nerves have 
the general origin and distribution which have already been described as imi- 
versal in the Craniata (p. 130). 

The fifth nerve (trigeminal) (p. 131, Figs. 165, 167, 168) arises in close 
relation to the seventh (facialis). As it passes into the orbit it swells into a 
ganglion — ^the Gasserian. It has three chief branches. The first given off is the 

Fig. 167. — Seyliorhinuas Brain 
and ndnal nerves* From the dorsal 
surface with the right eye removed. 

The cut surfaces of the cartilaginous 
skull and spinal column are dotted. 
ci,i — cl.$, branchial clefts; ep. 
epiphysis; ext, rect, posterior rectus 
muscle of the eye-ball; gL ph. glos- 
sopharyngeal; hot, can. horizontal 
semicircular canal; hy. mnd. VII, 
hyomandibular portion of the facial; 
inf, obi. inferior oblique muscle; int. 
reel, anterior rectus muscle; lat. vag. 
lateral branch of vagus; mnd, V, 
mx. V, mandibular and maxillary 
divisions of the trigeminal; olf. cps. 
olfactory capsule; olf. s. olfactory 
sac; oph. V. F//. superficial ophthal- 
mic branches of trigeminal and facial ; 
path, fourth nerve; pi. VII. palatine 
branch of facial; sp. co. spinal cord; 
sp. and spir. spiracle; s. reef, superior 
rectus muscle; s. obi, superior ob- 
lique; vag, vagus; vest, vestibule. 

(After Marshall and Hurst.) 


superficial ophthahnic (Fig. 167, oph. V ; Fig. 168), a nerve which runs forwards 
through the orbit above the origin of the recti muscles, and in very close relation 
with the ophthalmic branch of the facial. Anteriorly it breaks up into branches 
distributed to the integument of the dorsal surface of the snout.* The niffi n 
trunk of the nerve then runs forwards and outwards across the floor of the orbit, 
and divides into two branches, the maxillary and mandibular, or second and third 
divisions of the trigeminal. The former supplies the skin of the ventral surface 
of the snout, the latter the skin and muscles of the lower jaw. 

^ In most Chondrichthyes a nerve of considerable size — the ophthalmicus profundus (p. 131) 
—arises from the dorsal and anterior part of the Gasserian ganglion, and is usually regard^ as a 
branch of the trigeminal. It runs forwards over the po^rior rectus muscle and under the 
superior rectus, and perforates the pxe-orbital process to end in the integument of the snout. 
Among other branches it gives ofi ciUary branches to the eyeball; these axe joined by the cUiary 
branches of the oculomotor. The ophthalmicus profundus is not present in Scy/iorhinus in the 
adult condition. 
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Of the branches of the seventh (facial), the ophthalmic runs through the 
orbit in close relation to the superficial ophthalmic branch of the trigeminal, 
and is distributed to the lateral line and ampullary canals of the snout (see p. 251) . 
The buccd runs forwards in intimate relation with the maxillary division of the 
trigeminal, and breaks up into branches which are distributed to the sensory 
finals and ampullae of the region of the snout. The palatine passes to the roof 
of the mouth. The main body of the nerve — hyomandibular — ^then runs out- 
wards close to the edge of the hyomandibular cartilage and behind the spiracle, 
eventually becoming distributed to the muscles between the spiracle and the 
first branchial cleft. A small external mandibular branch coines off from it 



Fig. 168.— SebuM: Componraits of donal root cranisl nenres. The ventral root nerves 
(somatic motor component) to eye muscles and hypoglossal muscles arc omitted. The post- 
trematic branches of branchial nerves (as well as the hyomandibular and mandibular branches of 
the Vllth and Vth nerves respectively) include a visceral motor component absent from pre- 
trematic branches. These nerves supply visceral muscles which constrict the arch in question. 
The jaws and other arches are opened or expanded by the contraction of somatic muscles inner- 
vated by ventral branches of the anterior spinal nerves which arc collected together to form a 
hypoglossal nerve emanating from the ventral aspect of the medulla. (Sec also Fig. 8o, p. 129.) 
a/, accessory line: an. auditory; external mandibular; tnnf. internal mandibular; md. mandi- 
bular; mx. maxillary; osf, superior ophthalmic of facial; osi, superior ophthalmic of trigeminal; 
ph, pharyngeal; pi. palatine; pr. pretrematic; pt. post -trematic ; ra. dorsal ramus; rhm. hyo- 
mandibular; ro. ramus oticus; ramus supra-temporalis ; spn. dorsal root of spinal nerve; vsd. 
vestigal dorsal root. Components: black line ^ lateral line; broken line » general cutaneous; 
beaded line s= visceral motor; cross-hatched line = visceral sensory. (Redrawn after Goodrich.) 

and goes to the lateral line and ampullary canals of the lower jaw. The eighth 
{acousticus or auditory) nerve passes directly into the internal ear, and breaks 
up into branches for the supply of its various parts. The ninth {glossopharyn- 
geal) perforates the posterior part of the auditory region of the skiill, and, after 
it emerges, passes directly to the first branchial deft, where it bifurcates. One 
branch now goes to the anterior, and the other to the posterior, wall of the cleft. 
The tenth and last nerve of the series — ^the vagus or pneumogastric — ^is a large 
nerve which emerges from the skull by an aperture situated between the 
auditory region and the foramen magnum. It first gives off a series of four 
branchial branches, each of which bifurcates to supply the anterior and posterior 
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borders of the last four branchial clefts. The lateralis nerve is frequently 
referred to as a branch of the vagus, but it has a distinct origin in the medulla. 
After becoming separated from the vagus trunk it runs in the horizontal 
septum opposite the lateral line, which it supplies, to the posterior end of 
the body. The rest of the vagus runs backwards to divide into cardiac branches 
for the heart and gastric branches for the stomach. It will be observed that the 
system of neuromast organs (lateral line and ampullary organs) is supplied by 
nerve-fibres which pass out in various branches of the facial and in the lateralis 
branch of the vagus. All these fibres originate in a centre in the medulla, the 
acousticolateral centre, common to them and the fibres of the auditory nerve. 

Spinal Cord. This is a cylindrical cord which extends from the foramen 
magnum, where it is continuous with the medulla oblongata, backwards 
throughout the length of the neural canal, enclosed by the neural arches of the 
vertebrae. As in the Craniata in general (see p. 124), it has dorsal and ventral 
longitudinal fissures and a narrow central canal, and gives origin to a large 
number of paired spinal nerves, each arising from it by two roots. 

Autonomic Nervous System. The sympathetic chain of selachians, unlike 
that of the teleosts, and in fact uniquely among vertebrates, does not extend 
into the head (cf. Fig. 82, p. 119). Otherwise it occurs in the typical gnatho- 
stome pattern as a series of paired lateral ganglia approximately segmentally 
arranged, extending from about the level of the sinus venosus posteriorly over 
the kidneys to a little past the cloaca (Fig. 169). The prominent sympathetic 
ganglia, closely associated with adrenalin-chromaffin tissue (p. 152), contain 
motor nerve-cells (postganglionic) which send fibres to plain muscle (p, 76) 
variously investing the alimentary canal and other visceral organs and arterial 
walls. These motor-cells are in turn controlled via preganglionic fibres which 
originate in cells in the cord and emerge in the ventral spinal roots and pass to 
the rami communicantes. 

Many of the fibres in the S3mipathetic chain are sensory. Postganglionic 
fibres, such as run in higher vertebrates (e.g. p. 119) from the sympathetic 
ganglia back to the spinal nerves to terminate in the skin, do not occur. Young 
found no evidence of the sympathetic control of chromatophores or other 
skin functions. 

Although the vagus (Fig. 168) is massive and branched extensively to the 
heart, alimentary canal, and elsewhere there has been as yet no dear recognition 
of an antagonistic parasympathetic sj'stem (p. 121). 

Organs of Special Sense. — ^The olfactory organs (Figs. 167; 89, p. 138) are 
rounded chambers enclosed by the cartilage of the olfactory capsules of the 
skull, and opening to the exterior by the nostrils on the ventral surface of 
the head. Water flows inwards and passes over chemoreceptors which lie in the 
epithelium covering a series of dose-set ridges running out from a median 
septum. 
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Taste-buds, too, occur in the pharyngeal region. 

The eye (Fig. 184, p. 273) has the general structure already described as 
characterising the Craniata in general (Figs. 90, 276, pp. 139, 413). The retina 
(except in Mustelus and the eagle-ray Myliobatis aquila) lacks cones: most 
gf>l 3 rhigng are apparently colour-blind. The lens is supported primarily by a 
dorsal thickening of a membrane that covers the ciliary body. Ventrally 
there is situated a papilla containing smooth musde-fibres, the contraction of 
which moves the lens towards the cornea, achieving an accommodation (for 
nearer vision) which may be enhanced by the action of the protractor lentis 
muscle on the cornea itself. The primary apparatus of photo-,adaptation in all 
species is, of course, the iris, w'hich can contract into a narrow oblique slit in 
bright conditions. 

The sclerotic is cartilaginous. The choroid has a silvery layer, the tapetum 
lucidutn, beneath the photosensitive rods of the retina. This, an adaptation to 
life in dim light, reflects additional light on to the retinal cells (see also p. 140). 
The pigment epithdium is devoid of pigment cells in most species, but a few 
specialised forms which lack the tapetum have them {e.g. the Basking Shark 
Cetorhinus and the abyssal shark Leemargus). There are the usual eye-muscles, 
the two obliques situated anteriorly, the four recti posteriorly, not embradng 
the optic nerve (Fig. 92, p. 143). The eyelids are represented by stiff folds. 

The structures that make up the ear in vertebrates subserve three senses : 
I. orientation (in regard to gravity) ; 2. accderation (changes in speed and direc- 
tion) ; and 3. hearing (the appreciation of air-, earth-, or water-borne 
sound waves). In the dogfish the apparatus consists only of the membranous 
labyrinth (Fig. 93, p. 144), equivalent to the internal ear of higher Craniata. 
The middle and outer ear are absent. The membranous labyrinth consists of 
a utricle and saccule (incompletely separated and forming a vestibule), and three 
semicircular canals. The vestibule communicates by a narrow passage — the 
endolymphatic duct — ^with the exterior, in the position already mentioned. Of 
the three semidrcular canals, the anterior and posterior are vertical and the 
external horizontal, as in Craniata in general. 

Each of the endolymph-conismvag semi-circular canals expands at one end 
to form an ampulla. At the other end each opens into the vestibule into which 
chamber the ampullae adso open, establishing a continuity of the fluid S3nstem. 
The actual receptors occur as sensory cristae in the ampullae with a neuro- 
epithelium made up of neuromaist cells which are equipped with haur-like 
processes which are ensheathed in a gelatinous cupola terminalis. The de- 
tailed working of the six canads of this S37stem in the maintenance of djmaunic 
equilibrium is well discussed by Lowenstein (see references), but in general it 
can be said here that the fluid-filled apparatus rapidly perceives rotationd 
changes and that each semi-circular canal is a bi-directional receptOT. 

In the endoljnnph of the utriculus and sacculus (and in the lagena of at least 
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some elasmobranchs) are suspended, in a mass of gelatinous tissue, numerous 
minute calcareous otoliths, which give it a ' milky ’ character. These are gravity 
receptors of broadly the same function as those found in many invertebrate 
phyla. In the elasmobranchs studied the widest range of reception is found 
in the utriculus. It seems established, too, that all otolith organs respond not 
only to gravitational stimuli but to all other linear accelerations as well. The 
old functional concept which distinguished between dynamic receptors (canals) 
and the static receptors (otolith organs) must be abandoned. 

It will be seen above that no cochlea (p. 145) occurs. The apparatus seems 
essentially concerned with the appraisal of position and the maintenance 
of equilibrium. There is, however, some evidence that selachians, with the 
nerve supply to skin and lateral line (see below) cut, can respond to low- 
frequency vibrations. Section of the auditory nerve drastically reduces the 
response. 

Situated in the head are deep mucus-filled innervated canals called the 
ampulla of Lorenzini (see also p. 359). There is some evidence that these are 
sense organs concerned with the appreciation of changes in water temperature. 
They appear to be part of the lateral line system which extends down each side 
of the body. This apparatus appreciates vibrations in the surrounding water. 
Specialised hair-like processes, tipped with a concretion of relatively heavy 
material, are sunk in minute pits and are connected with the lateral line nerves 
(see also p. 136). Thus, it is not easy to touch a fish, even if it cannot see 
the approaching objects. Blind species {e.g. the teleost Anoptichthys) catch 
minute animals that they never see. Pumphrey has shown that lateral line 
receptors act to some degree like the aerial of a direction-finder. Thus is the 
animal aware of vibrations set up in its neighbourhood and, then, apprised of 
the presence of predators or prey, it is able to take appropriate action (see 
below). At the same time it must be remembered that most fishes depend a 
good deal on their eyes (p. 273). 

Endocrine Organs. — In addition to the pituitary (p. 150), pancreas (p. 
152), and gonads (see below, p. 255), a thyroid gland (Fig. 161) and adrenal 
tissues (Fig. 169) also occur. We saw in Petromyzon (p. 176) the development 
of a simple, but seemingly t3q)ically craniate th3rroid from the endostyle 
(pp. 196, 197) in the metamorphosis from ammocoete larva to adult, together 
with the secretion of an iodine-containing thyroxin, or a th3n:oxin-like sub- 
stance, that will experimentally hasten anuran metamorphosis. In the dog- 
fishes we see the th5rroid as a pharyngeal downgrowth sometimes still associated 
with a minute and an apparently functionless ciliated cavity that em^^asises 
its endostylic origin. This is easily located just below the ventral aorta, 
where the vessel finally turns upward to branch and supply the first pair of 
branchial pouches. Evidence concerning th3rroid function in selachians is 
confusing. 



252 


ZOOLOGY 


The thymus has often been considered, without proof, to be an endocrine 
organ. In dogfishes it can be found inconspicuously placed on each side of 
the thyroid and below the upper angles of the branchial clefts. 

An adrenal gland (p. 152) does not occur as such, but 
there exist separately the homologues of both medullary and 
cortical tissues. The adrenalin-producing chromaffin tissue 
is distributed in a long segmental series of small glands 
(Fig. 169), some of them penetrating the roof of the 
posterior cardinal sinus. Anteriorly they are conjoined 
into elongated aggregations on each side of the oesophagus. 
Posteriorly, as Young has shown, they lie in kidney tissue. 
They are closely associated with the sjTnpathetic ganglia 
(see also p. 249), and probably have broadly the same 
functions (p. 1 19) as in higher groups in which they, and 
the ganglia, share a common neural crest origin. The 
posterior elements are bigger in the male. 

Inter-renal glands occur near the kidneys. Their position 
and form vary in different species — they may be single or 
diffuse. Essential to the life of the fish, they represent the 
adrenal cortex of mammals and the corresponding inter- 
digitating lif)oidal cells found in the adrenals of reptiles, 
birds, and Amphibia (p. 152), 

Excretion and Osmoregulation. — Each kidney consists 
of two parts, anterior and posterior. The former (Fig. 
161, r. meson., Fig. 170, k^) is a long, narrow ribbon of soft 
reddish tissue, which runs along throughout a great part of 
the body-cavity at the side of the vertebral column. It 
is covered by peritoneum. The posterior portion is a 
compact, lobulated, dark red body, lying at the side of 
the cloaca, continuous with the anterior portion. It, too, 
is covered by peritoneum. Both portions possess ducts. 
Those of the anterior are narrow tubes, which run over its 
ventral surface and become dilated behind tetform a pair 
of elongated chambers, the urinary sinuses (Fig. 171, ur. 
sin.). These unite behind into a median sinus (med. ur. 
sin.), which opens into the doaca by a median aperture 
situated on a papilla, the urinary papUla. The ducts of 
the posterior portion, which are usually from four to six 
in number, open into the small urinary sinuses. These have the function 
of a bladder, but are derived from mesodermal tissue, and are therefore not 
strictly homologous with the urinary bladder in tetrapods. The kidneys 
of the male differ from those of the female. The posterior part of the male 


Fig. 169 . — Scyh 
Hum: Medullaiyand 
cortical homologues 
of adrenal. Aorta 
and kidneys with 
associated diffuse 
chromafhn tissue 
(black) and inter- 
renal gland (stippled) 
from ventral aspect. 
(Redrawn from 
Chester Jones, after 
Vincent.) 
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kidney has the same diameter as in the female. Its ducts, usually five in 
number on each side, open into the urinogenital sinus, some of the most 
anterior first uniting to form a common tube. The sinus has a median aperture 
into the general cavity of the cloaca situated on the summit of a prominent 


Fig. 170. — Scyliorhinua: 
Urinogemtal system. From 
ventral side. A, male and ii, 
female. Only the anterior end 
of the gonad is represented in 
each figure, and except that in 
h both kidneys are shown, the 
organs of the right side only are 
drawn. In A the seminal 
vesicle and sperm -sac are dis- 
sected away from the kidneys 
and displaced outwards, and 
the ureters inwards, ab. p. 
depression into which the ab- 
dominal pore opens ; cl. cloaca ; 
els. clasper; cf. d. efferent 
ducts of spermary ; k. kidney ; 
k\ k”. anterior non-renal por- 
tion of the kidney, forming in 
the male the so-called * Leydig's 
gland,’ which, together with 
the coiled sj)crmkluct, consti- 
tutes the epididymis; It. an- 
terior portion of liver; m. d. 
vestigial Mullerian duct in the 
male; <r.s\ gullet; ov. ovary: 
ovd. oviduct; ovd\ its coelomic 
aperture; ovd'\ the common 
apertureof the oviducts into the 
cloaca; r. rectum; 5A,g/. shell- 
gland; spd. spermiduct; sp. s. 
sperm -sac ; 5. v. seminal vesicle ; 
s. v\ its aperture into the urino- 
genital sinus; is. testis; u. g. s. 
urinogenital sinus ; ur. posterior 
mesonephric ducts; nr\ their 
apertures into the urinogenital 
sinus; u. s. urinary sinus. 
( AfterT. J. Parker.) 


urinogenital papilla. The anterior non-renal part of the male kidney {Leydig's 
(•land) is mentioned below (p. 255). The anterior part of the female kidney 
(Fig. 171) is degenerate and possibly functionless. 

The urea concentration in the circulation of elasmobranchs — ^both sharks 
and rays — ^is uniqudy high. Smith has shown that the blood of one of the 
dogfishes is more than 2 per cent. urea. The relative impermeability of the 
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gills to urea ensures an osmotic concentration a little above that of the surround- 
ing sea. A complex renal mechanism ensures the reabsorption of urea through 

part of the urinary tubules of the hind kidney. These 

1 fishes tolerate a concentration of urea that is toxic 

in other animals. The twenty-odd species of dasmo- 

branchs living in fresh water to-day are probably re- 

colonisers: they (e.g. Trygon, Pristis) still maintain 

an exceedingly high urea level. 

Elasmobranchs still convert some ammonia to 

trimethylamine oxide. It has been suggested that 

they solved both excretory and osmotic problems by 

the development of the ureotelic mechanism that 

allowed ancestral forms to colonise salt water. When 

a habitually freshwater animal is put in salt-water 

the osmotic pressure of its blood is far less than that 

of the new medium. The gradual evolution of a 

ur stn. mechanism that secreted and retained a high level of 

urea could counterbalance the 

i// dangerously high (for a fresh- 

V / water form) osmotic effects | ||B||B|n u 

\j-meci.w.sin. salt-watcr (pp. 156, 164). i MUfl 1 

Thus the urea-laden elasmo- \ *^|| ’ Iw j 

Fig. 171.— sroeiiaifuriM: branch blood does not lose fluid J ™l|| M / 

ffidney airf u^ry sinus of the surrounding sea but, in f j||i||l |\m \ 
female (Right), med. ur. j . • x 1 #0 J/wil IRVWk ) 

sin, median urinary sinus; fact, achieVCS a mOClest intake MmM jL 

which is dealt with by the kid- \ ■| I* ^ 

neys. Teleosts, as we shall see, p KM I M ^ 

have solved the same problem in another way. Their » H|||; | -. W 

total salt concentration is much the same as in elasmo- W|| | M 

branchs. They carry no great amount of urea, but ■|||:'| Jn||| 

maintain a balance by drinking sea-water and excreting WjMjMMK 

chloride at the gill-surfaces (p. 318). 

All elasmobranch tissues except brain and blood can 

s}mthesise urea. The animals are so perfectly adapted 

to the high urea concentration that the heart will not beat 

without it. Even the dogfish egg-case (the 'mermaid's 

purse’ (Fig. 172) contains a urea reserve. The embryo, Fig. i^a.— Dogtoh: 

too, synthesises urea and stores it in the yolk. 

Reproduction. — In the female there is a single large 

elongated, lobulated, ovary (Figs. i6i, 170, ov.) Isdng a little to the right of 

the middle line of the abdominal cavity and attached by a fold of peritoneum, 

the mesovarium. On its surface are rounded elevations or f (Glides of various 


neph, kidney; ur, sin, right 
urinary sinus. 


Fig. 172. — DosflPb: 
Egg-ease with EDohorui^ 
elements. (After Dean.) 
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sizes, each containing an ovum coloured bright yellow. As well as eggs, the 
ovary produces female sex hormones (cestrogen). There are two oviducts 
(Mullerian ducts) which are unconnected with the ovaries. These are repre- 
sented in the male by vestiges at their anterior aspect (Fig. 170, mJL.). Each 
oviduct (Figs. 161 and 170, ovd.) is an elongated, thick-walled, muscular tube 
extending throughout the entire length of the abdominal cavity. Anteriorly, 
the two unite behind the pericardium to open into the abdominal cavity by 
a wide oviducal aperture {ovd'.). At about the point of junction of the middle 
and anterior thirds is a swelling marking the position of the shell-gland {sh. gl.). 
The posterior part dilates to form a wide uterine chamber. In Scyliorhinus the 
two unite to open into the cloaca by a common aperture situated immediately 
behind the opening of the rectum, while in Squalus they remain distinct and 
have separate doacal openings. Each duct is guarded in the immature fish 
by a delicate membrane, the hymen (see also p. 894). 

After the bursting of the follicles, and their extrusion from the ovary, the 
liberated ova — ^which are more than one centimetre in diameter — ^are propelled, 
often for comparatively long distances, by epithelial dlia into the oviducal 
aperture. There is evidence that the shell gland begins to secrete even before 
the eggs enter the oviduct. The eggs are driven by dliary action down the 
oviducts, fertilised by spermatozoa stored in folds in the wall of the shell 
gland, and invested with a protective covering before entry into the uterus. 

In the male (Fig. 170, A) the paired, soft, lobulated testes are each attached 
to the abdominal wall by a fold of peritoneum, the mesorchium. Each is 
composed essentially of convoluted seminiferous tubules which produce sperm- 
atozoa, and between these, interstitial or Leydig cells which secrete the male sex 
hormone {testosterone or its homologue) (Fig. 97, p. 152). Anteriorly, from 
each testis a small number of efferent ducts {ef. d.) pass to the anterior end 
of a long, narrow, strap-shaped body, which corresponds to the vestigial 
anterior portion of the kidney in the female. This is the epididymis. Its duct, 
the VOS deferens, runs along the entire length of the non-renal part of the kidney 
{Leydig’ s gland). This structure, not to be confused with the hormone-produc- 
ing Leydig {interstitial) cells of the testis, possibly adds a secretion that nourishes 
the spermatozoa (see also p. 889). Leaving the kidney, the vas deferens widens 
and opens into the urinogenital sinus {u. g. s). This is a median chamber 
projecting into the cloaca. Posteriorly each spermiduct dilates to form a wide 
thin-walled sac, the vesicula seminalis. Closely applied to the latter is a thin- 
walled elongated sperm-sac, of uncertain function. Anteriorly the sperm-sac 
narrows to a blind extremity. Posteriorly the right and left sperm-sacs 
combine to form the urinogenital sinus. The posterior part of the kidney has 
the same character as in the female. 

As mentioned previously, spermatozoa are transferred to the female 
through the agency of paired, grooved, and erectile daspers which are modified 
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pelvic fins. These can be experimentally erected by means of adrenalin 
and electrical stimulation of appropriate spinal nerves. The claspers may be 
smooth, in others (e.g. Squalus, Scyliorhinus) they may be equipped with 
exoskeletal structures. These, analogous to the copulatory grapples of certain 
reptiles (p. 550) and mammals (p. 890), serve to maintain contact when inserted 
into the female cloaca, while the semen, with its cargo of spermatozoa, is 
nrobably forced along the grooves by the action of sea- water ejected from the 
capacious sac-like siphon. This lies beneath the skin of the ventral surface of 
the body and communicates with the claspers by means of paired ducts. In 
some species only one clasper is inserted at a time. 

SUB-CLASS BRADYODONTI 

These remarkable fishes, represented today only by Chitneera and its allies, 
emerged in the Upper Devonian. They may be divided into two orders. The 
first is composed of the more jirimitive Eubradyodonti, which, after a period of 
successful expansion, disappeared at about the end of the Palaeozoic (p. 3). 
Extinct forms arc known chiefly from their dentition. The principal teeth 
were essentially flattened crushing plates. A characteristic of the dentition was 
that there were available at any one time relatively few teeth which were 
successively replaced (e.g. Helodus). The second group is as follows; 

Order Holocephali^ 

These arose in the Jurassic, or possibly Triassic and replaced the Eubradyo- 
donti (see above). Today a few survive as the remarkable mollusc-eating, 
generally deep-sea chimaeras, ghost-sharks or rabbit-fishes (Fig. 173). They are 
seemingly clasmobranchian, as evidenced by the male claspers, the large 
egg-cases (and, when present, by the placoid scales) and by their general 
anatomical similarity to the Euselachii. In modern species the skin is naked 
except for a few such denticles restricted to the head-claspers. 

Nevertheless, the group has a number of well-defined characters which 
some consider entitle its representatives to be placed in a separate sub-class. 
In the first place, the holostylic jaw suspension is characteristic (see p. 94) in 
that the upper jaws are immovably united with the cranium. Thus, support 
from the hyomandibular is not required and, in fact, neither jaws nor skull are 
attached to the hyoid arch. Characteristic, too, are the extra claspers on the 
head and in front of the ordinary pair on the abdomen. The presence of an 
operculum is a character which differentiates the Holocephali from the Euse- 
lachii. The dentition is also highly peculiar in the composition of the tooth- 
plates, as well as in their shap>e. There is no enamel, but, instead, a layer of 
vitrodentine, and the pulp cavity is much reduced. The teeth are in the form 

* 0rvig (i960) suggests that the Holocephali are derived trom coccosteomorpha (p. an)- 
implying that the clasmobranchs are at least diphyletic. 



Fig. X 73 .---Sub.class Brftdyodoatt, Order Holooephali: Representatives of eonstitnent families. 

1. Chimara monslrosa, male. A, ventral, B, front view of head. 11. Callorhynchus antarcticus. 
Oorsal, lateral, and ventral views. III. Harrioita ralrighana. 
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of tritural plates formed, probably, by a fusion of originally separate denticles. 
Of these plates there are two pairs in the upper jaws, a small anterior and a 
larger posterior pair, and one large pair on the lower jaws. The arrangement 
of these plates, producing the ‘parrot-like’ beak, has contributed largely to the 
peculiar modification of the whole skull. The microscopic structure of the 
teeth is much like that of the Bradyodonti. An operculum covers the gills and 
there is no spiracle. 

The earliest known representatives of the Holocephali differ very little in 
essential characters from the living forms. Squaloraja and Myriacanthus are 
representative and fairly completely known examples. 

The relatively few existing representatives of the Holocephali form three 
families, the Callorhynchidae (e.g. CeUlorhynchus), Chimaeridae (e.g. Chimcera), 
and Rhinochimaeridae (e.g. Rhinochimara, Harriotta). Chimara, the so-called 
‘ King of the Herrings ’ (Fig. 173, /) (a quaint name shared also with the bony 
fishes Trachypterus and Regalecus, p. 297), is found on the coasts of Europe, 
Japan, Australia and New Zealand, the west coast of North America, and off the 
Africa coast. Callorhynchns (Fig. 173, II) is tolerably abundant in the south 
temperate seas. Harriotta (Fig. 173, III) is a deep-sea form. These fishes 
are sometimes known as spook-fishes or ghost-sharks in Australian waters 
because of the pale ‘ ghostly ’ iridescence that some of them emit. 

External Characters. — ^The general form of the body is shark-like, but the 
large, compressed head and small mouth are strikingly different from the 
depressed, shovel-shaped head and wide mouth of most elasmobranchs. The 
mouth is bounded by lip-like folds, two of which, placed laterally and sup- 
ported by labial cartilages, resemble the folds in which the premaxillae and 
maxillae of many bony fishes are enclosed. A third fold, external to and 
concentric with the mandible, is also supported by labial cartilages and has 
the appearance of a second or external lower jaw. In Chimcera the snout is 
blunt, in Harriotta long and pointed. In CeUlorhynchus, the so-called ' Elephant 
Shark ’, it is produced into a rostrum, from the end of which depends a large 
cutaneous flap abundantly supplied with nerves and evidently serving as an 
important tactile organ. 

A still more important difference from sharks and ra5rs is the p>ossession 
of only a single external branchial aperture, owing to the fact that a fold of 
skin, the operculum, extends backwards from the region of the hyoid arch. 
This covers the true gill-slits, which thus come to open into a conunon chamber 
situated beneath the operculum and communicate with the exterior by a 
single secondary branchial aperture placed just anterior to the shoulder- 
girdle : there is no spiracle. Equally characteristic is the fact that the urino- 
genital aperture is distinct from and behind the anus — ^there is no cloaca. 

There are two large dorsal, and a small ventral fin. The caudal fin is of the 
ordinary heterocercal type in the adult CaUorhynchus, but in the young (Fig. 
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179) the extremity of the tail proper is not upturned, and the fin-rays are 
arranged S3anmetrically above and below it, producing the diphycercal form. 
In Chinuera the tail may be produced into a long, whip-like filament. The 
pectoral and pelvic fins are both large, especially the former. 

In the male there is a horizontal slit situated a little in front of the pelvic 
fins. This leads into a shallow glandular pouch, from which can be protruded 
a peculiar, and indeed unique, apparatus, the atUerior clasper. This consists 
of a plate covered with recurved dermal teeth, to which is added, in Callorhynchus, 
a plate rolled upon itself to form an incom- 
plete tube. The precise use of this apparatus 
is not known. A rudiment of the pouch 
occurs in the female, although the clasper 
itself is absent. The male possesses, in 
addition, a pair of the ordinary myxopterygia 
or posterior claspers, and is further dis- 
tinguished by the presence of a little 
knocker-like structure, the frontal clasper, on 
the dorsal surface of the head. In HarrioUa 
the paired claspers are poorly developed, 
and the frontal clasper is absent. 

The lateral line is an open groove in 
Chinuera, a closed tube in Callorhynchus, 
and there are numerous sensory pits, 
arranged in curved lines, on the head. The 
skin is smooth and silvery, sometimes of an 
iridescent, but probably not luminescent, 
character. For the most part there are no 
exoskeletal structures. There are, however, 
delicate, recurved dermal teeth on the 
anterior and frontal claspers, and the first 
dorsal fin is supported by an immense bony 
spine or demud defence. In the young, 
moreover, there is a double row of small dermal teeth along the back. 

Endoskeleton. — ^The vertebral column consists of a persistent notochord with 
cartilaginous arches. In Chinuera, but not in Callorhynchus, there are rAlrifi«»d 
rings (Fig. 174, c. r.) embedded in the sheath of the notochord. The anterior 
neural arches are fused to form a high, compressed, vertical plate, to which 
the first dorsal fin is articulated. ITie cranium (Figs. 175 and 176) has a 
characteristic form, largely owing to the compression of the region between 
and in front of the lai^e orbits, whidi are separated frmn the cranial cavity 
only by membrane in Callorhynchus (Fig. 176, or.). In Chinuera they lie above 
the level of the cranial cavity and are separated from one another by a median 





Fic. X74. — Chimatra: Vottollta 
OOlnmn. A, transverse section. B 
lateral view. c. r. calcified ring; h, t 
hsemal ridge ; inL intercalary piece; n. a, 
neural arch; nch. position of notochordal 
tissue; nch. sh. sheath of notochord 
n. sp, neural spine. (After Hasse.) 
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vertical partition of fibrous tissue (Fig. 175, i, 0. s.). At first sight the palato- 
quadrate, or primary upper jaw, appears to be absent, but it is. in fact, repre- 
sented by a triangular plate (pal, qu,) which extends downwards and outwards 
from each side of the cranium and presents at its apex a facet for the articula- 
tion of the mandible. The palatoquadrate is therefore fused with the cranium 
and furnishes the sole support for the lower jaw ; the skull is holostylic. The 
pituitary fossa (Fig. 176, s. L) is very deep and inclined backwards. On the 

ventral surface of the basis cranii 
is a pit (pL) for the extra-cranial 
portion of the- pituitary body. 
The posterior portion of the 
cranial cavity is very high. The 
anterior part— containing most 
of the fore-brain — is low and 
tunnel-like, and has above it a 
cavity of almost equal size (Nv, 
50',) for the ophthalmic branches 
of the fifth nerves. The greater 
part of the membranous labyrinth 
is lodged in a series of pits on 
the side-walls of the cranium 
(a, s, c., p, s, c.), and is separated 
from the brain by membrane 
only. The occipital region arti- 
culates with the vertebral column 
by a single saddle-shaped surface 
or condyle (oc, cn.). There is a 
great development of labial car- 
tilages. Particularly noticeable 
is a large plate which, in Callorhynchus, lies just externally to the mandible, 
nearly equalling it in size and having the appearance of a secondary or external 
jaw. In Callorhynchus the snout is supported by three cartilaginous rods 
growing forward from the cranium. The medial and dorsal rod represents the 
rostrum (y). These rods, as well as the great lower labial, are represented by 
comparatively small structures in Chimcera (Fig. 175, lb, 3), 

The hyoid resembles the branchial arches in form and is little superior to 
them in size. Above the epihyal (Fig. 175, e, hy) is a small cartilage (ph, hy,), 
evidently serially homologous with the pharyngobranchials, and therefore to be 
considered as a pharyngohyal. It represents the hyomandibular of selachians, 
but, having no function to perform in the support of the jaws, it is no larger 
than the corresponding segments in the succeeding arches. Long cartilaginous 
rays (0^. t,) for the support of the operculum are attached to the ceratohyal. 



Fig. 175, — Chimmm: Skull. Lateral view of C. 
monstrosa. a. s. c. position of anterior semicircular 
canal; c. hy. ceratohyal; e. hy. epihyal; fr. cl. 
frontal clasper; h. s. c. position of horizontal semi- 
circular canal; t. 0. s. intcrorbital septum; lb. 1, 
lb. 2, lb. 3, labial cartilages; Mck. C. mandible; 
Nv. 2, optic foramen; Nv. 10, vagus foramen; olf. 
cp. olfactory capsule; op. r. opcracular rays; pal.qu. 
palatoquadrate; ph. hy. pharyngohyal; p. s. c. 
position of posterior semicircular canal; qu. 
quadrate region; r. rostrum. (After Hubrecht.) 
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The first dorsal fin is remarkable for having all its pterygiophores fused 
in a single plate, which articulates with the coalesced neural arches already 
referred to. The remaining fins are formed quite on the selachian type, as is 
also the shoulder girdle. The right and left halves of the pelvic arch are 
separate from one another. They are united in the middle ventral line by 
ligament only. Each presents a narrow iliac region and a broad flat pubo- 
ischial region perforated by two apertures or fenestras closed by membrane. 



Fig. 176. — ro/loWif/ite/iiiff.* Skull. C. atttiucticus. Sagittal section with labial cartilages removed. 
a. s. c. apertures through which the anterior semicircular canal passes from the cranial cavity into 
tlie auditory capsule; e, 1. d. aperture for endolymphatic duct; mck. c, Meckel’s cartilage; mnd. t, 
inanrlibuiar tooth; itch, notochord; Nv. 5, trigeminal foramen; Nv. 5. o. foramen for exit of 
ophthalmic nerves; Nv. 5/0', canal for ophthalmic nerves with apertures of entrance and exit; 
Nv. 10, vagus foramen ; oc. cn. occipital condyle ; or. fenestra separating cranial cavity from orbit; 
f>al. gn. palatoquadratc; pal. t. palatine tootli; pti. position of pineal body; pt. pit for extra- 
cranial portion of pituitary body; p. s. c. apertures through which the posterior semicircular canal 
passes into the auditory capsule; qti. quadrate region of palatoquadratc; r. rostrum; sctc. depres- 
sion for sacculus; s. t. sella turcica; tr. tritor; vo. t. vomerine teeth. 


one of them of great size in CaUorhynchus. The skeleton of the anterior clasper 
articulates with the pubic region. 

Alimentary Canal. — ^The teeth (Fig. 173, 176) are very characteristic, having 
the form of strong plates with an irregular surface and a sharp cutting edge. In 
the upper jaw there is a pair of small vomerine teeth {vo. t.) in front. Imme* 
diately behind them occurs a pair of large palatine teeth {pal. t.), and in the lower 
jaw a single pair of large mandibular teeth {mnd. t.). They are composed of 
vasodentine, and each palatine and mandibular tooth has its surface slightly 
raised into a rounded elevation of a specially hard substance, of whiter colour 
than the rest of the tooth, and known as a tritor {tr.) . The stomach is absent as a 



ZOOLOGY 


262 

histological entity. This probably represents a secondary loss as in the case 
of numerous highly specialised teleosts (p. 336). In the Holocephali the alimen- 
tary canal passes in a straight line from oesoph^;us to anus. There is a well- 
developed spiral valve in the intestine. 

Respiratory Organs. — There are three pairs of holobranchs or complete gills 
borne on the first three branchial arches, and two hemibranchs or half-gills, 
one on the posterior face of the hyoid, the other on the anterior face of the 
fourth branchial arch. The fifth branchial arch is, as usual, gill-less, and 
there is no cleft between it and its predecessor. 

Blood-vaseular System. — ^This resembles that of the dog-fishes in all essen- 
tial respects. The heart is formed of sinus venosus, atrium, ventricle, and 
conus arteriosus, the last with three rows of valves. 

Brain. — ^This (Fig. 177) , on the other hand, is very unlike that of Scyliorhintts, 
but presents a fairly close resemblance to that of Scytnnorhinus. The medulla 



Fig. 177—CallorhynchuH: Brain. C, antarclicus, cblm. cerebellum; ch. plx i, choroid plexus of 
fore-brain, and ch. plx. 2, of hind -brain; cp. r.st. corpus restiforme; crb. h. cerebral hemisphere; 
dten. diencephalon; lb. tnf, lobus inferior; med. obi. medulla oblongata; olf. I, olfactory bulb; 
olf. p. olfactory peduncle; opt. /. optic lobe; pn. b. pineal body; pn. s. pineal stalk; pty. pituitary 
body. 

oblongata {med. obi.) is produced laterally into large frill-like restiform bodies 
(cp. rst.), which bound the hinder half of the cerebellum (cblm.). The dien- 
cephalon (dien.) is long and trough-shaped. The chief difference from the brain 
of the dogfish is that the end-brain is greatly compressed and elongated by the 
large orbits. The combined diacoele and prosocoele are widely open above in a 
brain from which the membranes have been removed, but in the entire organ 
(Fig. 177) are roofed over by a conical, tent-like choroid plexus (ch. plx. i). 
The cavities of the small, spindle-shaped hemispheres (crb. h.), sometimes 
regarded as corresponding to olfactory lobes only, communicate with the third 
ventricle by wide foramina of Monro, partly blocked by up hemispherical 
corpora striata. Each hemisphere is continued in front into a slendm*, thin- 
Mralled tube, the olfactory peduncle (olf. p.), bearing at its extremity a com- 
pressed olfactory bulb (olf, 1 .). 

The optic nerves form a chiasma. The pineal body {pn. b.) is a small 
rounded vesicle borne on a hollow stalk {pn. s.) which runs just outsid* the 
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posterior wall of the tent-like choroid plexus. The pituitary body [pty.) 


consists of intra- and extra-cranial portions. In 
advanced embryos the two are united by a delicate 
strand of tissue. 

Urinogenital Organs and Reproduction. — ^The 
kidneys (Fig. 178, kd.) are lobed, deep-red bodies, 
like those of dogfishes, but shorter and stouter. 
They are much longer in the male than in the female. 
The anterior portion is massive, and consists mainly 
of a mass of true renal tubules. It is indistinctly 
divided into segments. The posterior portion is 
narrower and also indistinctly segmented. From 
both parts arise a number of ducts (meso-nephric 
ducts) the majority of which open into the vas 
deferens, while the last six open into the urino- 
genital sinus. In the female the ducts all open into 
a rounded median urinary bladder or urinary sinus, 
situated between the two oviducal apertures. The 
female reproductive organs are also constructed on 
the general elasmobranch pattern, and are chiefly 
noticeable for the immense size of the shell-glands 
and uteri. 

The male organs present certain unique charac- 
ters. The testes {ts.) are large ovoid bodies the 
tubules of which apparently do not contain fully- 
developed sperms, but only immature sperm-cells. 
These latter are probably passed through vasa 
efferentia into the vas deferens, which is coiled in a 
highly complicated manner to form a body of con- 
siderable size, commonly termed the epidid3anis, 
closely applied to the surface of the anterior part 
of the kidney. In this the sperms become aggre- 
gated into spermatophores in the form of small 
ovoidal caps^es surrounded by a resistant mem- 



Fig. 178. — Cuilorhynchuat 
Uzinoittiuftal Sfitom. C. ani- 
arcHcus. A, male urinogenital 
organs of left side, ventral 


brane and full of a gelatinous substance in which 
bundles of sperms are imbedded. The lower end of 
the vas deferens (v. df.) is dilated to form a large 
cylindrical vesicula seminalis (vs. sent.) imperfectly 
divided into compartments by transverse partitions 
(8) and filled with a greenish jelly. The spermato- 


aspect; B, anterior part of 
vesicula seminalis in section. 
cL cloaca; epid, epididymis; 
ftd. kidney; muL d. Mullerian 
duct; sph. spermatophores; ts. 
testis; n. g. s. opening of urino* 
genital sinus; v. df. vas de* 
ferens; vs. ssm. vesmla semi* 
nalis. {A alter Redrim.) 


phores (sph.) are passed into these compartments and finally make their way 

through the central passage into the urinogenital sinus («. g. s.). The vestigid 
VOL. n. R • 



Fig. 179. — CaUorhynchus: Beproduction. Egg-shell of C. antarcticus with embryonic chamber cut open to show the contained 
embryo, br. /. branchial filaments; v, valve through which young fish escapes; yk, s, yolk-sac. 
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Mullerian ducts (mul. d.) are much more fully developed than in dog-fishes. 
They are complete, though narrow, tubes which open in front by a large com- 
mon aperture into the coelom. Behind they are connected with the urinogenital 
sinus. 

As in selachians, fertilisation is internal. The egg becomes surrounded, as 
in dog-fishes, by a homy egg-shell secreted by the shell-glands. The egg-shell 
of Callorhynchus (Fig, 179) is of extraordinary size — about 25 cm. in length, or 
fully five-sixths as long as the abdominal cavity — and the elongated chamber 
for the embryo is surrounded by a broad, flat expansion covered on one side 
with yellow hair-like processes. This gives the shell a close resemblance, 
doubtless protective, to a piece of kelp. The early development resembles that 
of selachians ; but the yolk becomes divided into nucleated masses which 
divide into smaller segments, and the smallest break away and become dis- 
solved in a milky nutrient liquid which fills the spaces of the shell. The 
advanced embryo has elongated gill-filaments {br. /.) projecting through the 
branchial aperture (and probably serving to absorb the nutriment derived from 
the yolk), a diphycercal tail, and a curiously lobed and nearly sessile yolk-sac 
{yk. s.). (For selachian development, see p. 279.) 

GENERAL ORGANISATION OF ELASMOBRANCHIl 

External Characters. — Sharks (sub-order Pleurotremata) are usually some- 
what fusiform and slightly compressed laterally. Rays occupy a separate 
sub-order (Hypotremata), but despite their radical dorso- ventral compression, 
the migration of the eyes to the dorsal surface, and their apparent dissimilarity 
from the sharks in other ways, the, two groups have many features in common. 
The flattened form of the rays is an adaptation to a bottom-dwelling existence. 
They can commonly be seen gliding along the bottom of all relatively warm 
seas, and they extend into circumpolar regions as well. Although they are 
popularly supposed to be confined to shallow waters, some inhabit great depths 
and are blind. Their peculiar form and, in particular, their highly unpleasant 
and efficient weapons of defence have brought sting-rays and electric-ra}^ to 
the attention of mankind from earliest historical times. That small withered 
curiosity, the ‘Jenny Haniver', frequently sold on the water-fronts, is made 
from a skate (Family Rajidae) that has been dried, and then cut and twisted 
into shape. Skates are fashioned into grotesque shapes and sold also as 
‘mermaid’, 'sea-eagles', 'dragons', ‘monkey-fishes', and ‘basilisks' (see also 
p. 645). Rays appear on Etruscan mosaics and vases. Some attain great 
bulk. Among the true sting-rays. Captain Cook’s Stingaree or Whai Repo 
(a Maori name) (Bathytoshia) of the Pacific reaches a length of 14 feet, a width 
of 6 to 7 feet, and a weight of 770 lbs. It is generally caught at from 20 to 60 
fathoms, although sometimes speared in a few feet of water. Devil-rays 
(‘Devil- or Diamond-fish’) (Family Mobulidae) may grow even bigger and are 
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wider than the body is long (Fig. 154, p. 228). Manta (which uniquely has 
cephalic fins) reaches a width of 22 feet across its diamond-shaped body and 
‘wings’ (pectoral fins). It may weigh more than 3,000 lbs. 

The elasmobranch head is in many cases produced forwards into a long 
rostrum. This is of great length and bordered with triangular teeth in the 
sawsharks (Pristiophoms) and sawfishes (Pristis) (Fig. 154, p. 228). In the 
Hammerhead Shark {Sphyrna — Zygana) the anterior part of the head is 
extended transversely and the eyes are carried at the lateral extremities. 

There are well-developed median and paired fins. The caudal fin is large 
and, as a rule, strongly heterocercal in the sharks and shark-like rays. It is 
reduced in most of the latter group. The dorsal and anal fins are large in the 
sharks, the former completely divided into two. In the rays the dorsal fin is 
usually small, and the anal fin absent. The paired fins differ widely in the t^o 
groups. In the sharks both pairs are well developed, the pectoral being t^e 
larger. In the rays the pectoral fins are extremely large and much bigger than 
the pelvic fins. The pectoral fins fringe the greater part of the length of the 
flattened body, and are prolonged forwards on either side and even in front of 
the head. Thus, the animal presents the appearance of a broad, fleshy leaf. 
In all recent Chondrichthyes the male has, connected with the pelvic fins, a 
pair of grooved appendages — the claspers or myxopterygia — which subserve 
copulation (p. 255). It is of great interest that such organs, which make internal 
fertilisation possible, did not, except in the Devonian Diademonus, appear 
before the hybodont sharks (p. 224). The latter were equipped also with 
hook-like cephalic spines, which probably helped anchor the male during 
coupling, and some species of Cladoselache possessed a large head spine of 
perhaps similar function (Harris). 

The mouth is situated on the ventral surface of the head, usually a consider- 
able distance from the anterior extremity (cf., however. Fig. 15 1, p. 225). In 
front of each angle of the mouth is the opening of one of the olfactory sacs. 
Each of these is frequently connected by a groove — ^the naso-buccal groove — 
with the mouth-cavity. Behind the mouth, on the dorsal surface in the rays, 
and laterally in the sharks, is the spiracle. We saw (p. 106) that in sharks 
oxygenated water is taken in through the mouth, which is then closed, the 
buccal cavity contracted, and the water forced through the gill-slits. In the 
bottom-living rays the water is taken in through the spiracle. The water is 
driven across the respiratory surface by the closure of a special valve. Along 
each side of the neck in the sharks, and on the ventral surface in the rays, there 
is a row of slit-like apertures — ^the branchial slits or clefts. These are usually 
five in number on each side ; but in PUotrema, Hexanchus, and Chlamydo- 
sdachus there are six, and in Heptranchias seven. In Chlamydosdachus (Fig. 
^53) ^ fold comparable to a rudimentary operculum extends back over the 
first branchial cleft, and is continuous across the middle line ventrally. In the 
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remainder of the sub-class no such structure is represented. A large cloacal 
opening is situated just in front of the root of the tail, and in most members of 
the sub-class a pair of small openings placed close to it — the abdominal pores — 
lead into the abdominal cavity. 

When the integument develops any hard parts as is the case in the majority 
of the Chondrichthyes, they take the form, not of regular scales, as in most 
other fishes, but of munerous rough, hard placoid scales. These vary greatly 
in shape, are usually extremely minute, but are in some cases developed, in 
certain parts of the surface, into prominent tubercles or spines. When these 
hard bodies are small, and set closely together in the skin, they give the surface 
very much the character of a fine file. Such skin, known as ‘shagreen’, was 
formerly used for various polishing purposes in the arts, for armour, sword- 
hilts, and even as striking surfaces affixed to the sides of lucifer match-boxes. 
Each of the hard bodies has the same basic structure as a tooth (p. 103). 
Such denticles differ in superficial 
structure and arrangement in 
different groups and are of diag- 
nostic significance. A highly 
specialised and dangerous integu- 
mentary structure — the so-called 
'sting' — characterises the sting- 
arees, or dasyatid sting-rays 
(Family Dasyatidse). One or 
several deciduous spines, capable , Spinal oolura. 

of independent movement, are centra. (After Weidersheim.) 
attached some distance up the 

tail. Grooves in the spine carry toxic secretions from contiguous glands. 
Sting-rays produce agonising wounds and hideous scarring. A large ray may 
slash right down to the bone, and septicsemia often results. In 1938 a New 
Zealand girl aged eighteen was killed by stab-wounds from a fish that was 
almost certainly a sting-ray. In addition to inflicting three thigh wounds, 
the .spine penetrated the thorax and both ventricles of the heart. 

The endoskeleton is composed of cartilage, often with a deposition of 
calcareous matter in special places — notably in the jaws and the vertebral 
column. The entire spinal column may be almost completely cartilaginous 
{Hexanchits and Heptranchias). Usually the centra are strengthened by 
radiating or concentric lamellae of calcified tissue ; or they may be completely 
calcified. They are deeply amphicoelous and the remains of the notochord 
persist in the large inter-central spaces. Intercalary pieces (Fig. i8o, Ic.) 
are interposed between both superior and inferior arches. In the rays (Fig. 
1 81) the anterior part of the spinal column becomes converted into a con- 
tinuous solid cartilaginous and calcified mass — the atUerior vertebral pkUe 
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(a. V. p.). As in fishes in general, two regions are distinguishable in the 
spinal column— the precaudd and the catidd, the latter being characterised 
by the possession of inferior or haemal arches. In the precaudal region short 
ribs may be developed, but these are sometimes rudimentary or entirely 
absent. In the sharks pterygiophores, sometimes jointed, fused at their bases 
with the hffmal spines, support the ventral lobe of the caudal fin. The 
dorsal lobe of the same fin is supported by a series of pterygiophores resembling 
produced neural spines, but only secondarily related to the spinal column. 



Fig. 181. — VrotaphuH: 
Endoskeleton of sting-ray. 

Ventral view. a. \v. p. 
anterior vertebral mlate; 
has. hr. basibranchial plate ; 
hr. I — 6r.5 branchial arches. 
(The branchial rays are not 
represented, the round dots 
indicating their articula- 
tions with the arches.) cl. 
skeleton of claspcr; h. m. 
hyomandibular ; hy. hyoid 
arch; lah. labial cartilage; 
lig. ligament connecting the 
hyomandibular with the 
palatoquadrate and Meck- 
el’s cartilage; mck. Meckel’s 
cartilage; ms, pt. meso- 
pterygium, and mt. . pt. 
metapterygium of pectoral 
fin; mt. pt'. metaptery- 
gium of pelvic fin; nas. 
nasal cartilage; pal. palato- 
quadrate ; pect. pectoral 
arch; pi. pelvic arch; pro. 
pt. propterygium ; sp. 
spiracular cartilage. 


and sometimes also divided by joints. The dorsal and ventral fins are 
sometimes supported by similar pterygiophores; but in many cases the 
cartilaginous supports of these fins consist, in whole or in part, of expanded 
plates of cartilage. The marginal portions of the unpaired fins beyond the 
limits of the endoskeleton are supported by dermal fibre-like structures 
{ceratotrichia) composed of elastin. 

The skull is an undivided mass of cartilage, hardened, in many cases, by 
deposition of calcareous matter, but not containing any true bony tissue. It 
consists of a cartilaginous case which protects the brain and the organs of 
special sense. The structure of this cartilaginous brain-case as it occurs in 
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dogfishes has already been described. The main difierences observable in 
the different families are connected with the size and form of the rostrum. 
In the rays the lower lip of the foramen magnum is deeply excavated for the 
reception of a short process, the so-called odontoid process, which projects 
forwards from the anterior vertebral plate, and on either side of this is an 
articular surface — ^the occipital condyle — for articulation with corresponding 
surfaces on that plate. In the sharks the skull is not so definitely marked 
off from the spinal column. The apertures of the endol3rmphatic ducts in the 
rays are not situated in a median depression, such as is observable in dog- 
fishes and in all the sharks. The articular surface in the auditory region for 
the hyomandibular is sometimes borne on a projecting process, sometimes 
on the general level of the lateral surface. Sometimes in the rays there is a 
smaller articulation behind for the first branchial arch. 





The upper and lower jaws — the palatoquadrate and Meckel’s cartilage — are 
connected with the skull through the intermediation of a hyomandibular 
cartilage (Fig. 157, hy. mn. ; Fig. 181, h. m.). The skull is thus of the hyostylic 
type as regards the mode of suspension of the jaws. In sharks the palato- 
quadrate has a process (absent in rays) for articulation with the base of the 
skull in the pre-orbital region. In Hexanchus and Heptranchias (Fig. 182) 
there is, in addition to this, a prominent postorbital process of the palato- 
quadrate for articulation with the postorbital region of the skull {amphistylic 
arrangement). Cestracion is also in a sense amphistylic ; the palatoquadrate 
is firmly united with the skull, articulating with a groove on the base, and the 
hyomandibular takes only a small share in the suspension of the jaws. At the 
sides of the mouth in all elasmobranchs is a series of labial cartilages, usually 
two pairs above and one pair below. Attached to the hyomandibular is a thin 
plate of the cartilage — the spiracular (Fig. 181, sp.) — ^which supports the 
anterior wall of the spiracle. 
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The hyoid arch proper is in most elasmobranchs connected at its dorsal 
end with the hyomandibular— sometimes at its distal extremity, sometimes 
near its articulation with the skull. In some rays, however, it is not so re- 
lated, but articulates separately and independently with the skull behind the 
hyomandibular. In the genera Hypnarce and Trygonorhina it articulates 
with the dorsal portion of the first branchial arch. In sharks the hyoid is 
usually relatively massive. In rays it is smaller, and in most cases closely 
resembles the branchial arches, and bears similar cartilaginous rays, A larger 
or smaller median element, or basihyal, is present in all cases. 

There are always five pairs of branchial arches except in Hexanchus and 
Chlamydoselachiis, which have six, and Heptranchias, in which there are seven. 
Their dorsal ends are free in sharks, but in most rays they are articulate 4 with 
the anterior vertebral plate of the spinal column. Externally they bear a 
series of slender cartilaginous branchial rays. The median ventral eler^ents 
of the branchial arches are usually more or less reduced, and in some cases are 
represented by a single basibranchial plate (Fig. 158, b. br.). In the rays the 
fifth branchial arch articulates with the pectoral arch, a connection which is 
absent in sharks. A series of slender cartilages, the extra-branchial cartilages, 
support the branchial apertures. These are probably modified branchial 
rays. 

The pectoral arch (Figs. 159, 181, pect.) consists of a single cartilage. In 
most sharks, a mesial flexible portion occurs by which it is divided into right 
and left lialvcs. Each lateral half consists of a dorsal scapular and a ventral 
coracoid i)art, the two being separated by the surfaces on which articulate 
the basal cartilages of the fin. In rays, but not in sharks, the dorsal 
ends of the j)ectoral arch are connected with the spinal column (anterior 
vertebral plate) by a distinct articulation. The portion of the arch on which 
the articular surface is situated sometimes forms an independent supra- 
scapula cartilage. 

The basal pterygiophores of the pectoral fin are typically three, pro-, meso-, 
and meta-pterygium (Figs. 159 and 181), but there are sometimes four, and 
the number may be reduced to two. The pro- and meta-pterygia are divided 
in the rays (Fig. 181) into several segments. The former articulates, through 
the intermediation of a cartilage termed the antorbital, with the olfactory 
region of the skull. 

The pelvic arch (pi.), like the pectoral arch, is usually a single cartilage, but 
in some exceptional cases it consists of two lateral portions. In some cases a 
median epipnbic process projects forwards from the pelvic arch, and frequently 
there is on each side a prepubic process. A lateral iliac process, which becomes 
highly developed in the Holocephali, is sometimes represented, and may attain 
considerable dimensions. The pelvic fin has usually two basal cartilages, 
representing the pro- and meta-pterygia, but the former is often absent. In 
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the male special cartilages attached to the metapteiygia support the daspers. 
With the basal cartilages of both pectoral and pelvic fins are connected a 
number of jointed cartilaginous fin-ra3^ supporting the expanse of the fin. 

The arrangement of the muscles is simple. The trunk-musdes are divided 
into a pair of dorsal and a pair of ventral divisions each, composed of many 
myomeres with intercalated myo- 
commata (Fig, 62, p. 86), following 
a metameric arrangement. The 
ventral part, where it forms the 
muscles of the wall of the ab- 
dominal cavity, is composed ex- 
ternally of obliquely running 
fibres, and represents one of the 
two oblique muscles of the ab- 
domen of higher forms. Mesially 
this passes into a median band of 
longitudinally running fibres cor- 
responding to a primitive rectus. 

The muscles of the limbs are dis- 
tinguishable into two main sets — 

(i) those inserted into the limb- 
arch and (2) those inserted into the 
free part of the appendage. The 
latter, according to their insertion, 
act as elevators, depressors, or 
adductors. A series of circular 
muscles passes between the carti- 
lages of the visceral arches and, 
when they contract, have the 
effect of contracting the pharynx 
and constricting the apertures. A 
set of muscles pass between the 
various arches and act so as to 
approximate them. A broad sheet 
of longitudinal fibres divided into myomeres extends forwards from the shoulder- 
girdle to the visceral arches. 

Electric organs occur in several elasmobranchs. They are best developed 
in the electric-ra}^, numb-fishes, or torpedoes (Fig. 183), in which they form a 
pair of large masses running through the entire thickness of the body, between 
the head and the margin of the pectoral fin. A network of strands of fibrous 
tissue forms the support for a nxunber of vertical prisms, each divided by 
transverse partitions into a large number of compartments or cells. Numerous 



Fig. 183 .- Torpedo: Electric organs. On the 
right the surface only of the electric organ {O.E.) is 
shown, on the left the nerves passing to the organ 
are shown. The roof of the skull is removed to 
bring the brain into view. br. gills ; /. spiracle ; e. 
eyes; tr. trigeminal; ir\ its electric branch; v, 
vagus; /, fore-brain; 77, mid-brain; 777, cere- 
bellum; 7 F, electric lobe. (After Gegenbaur.) 
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nerve-fibres pass to the various parts of the organ. These are derived mainly 
from four nerves, which originate from an dectric lobe of the medulla oblongata, 
with a branch from the trigeminal. Rays of this family often conceal them- 
selves in the sand rather than retreat; they are sometimes trodden upon. 
Torpedo generates a greater potential than even the South American electric 
'eel' (p. 334)- Fishermen get electric shocks from captured torpedoes when 
hauling in nets or while standing with bare feet on a large catch of bony 
fishes under which a Numb-fish lies hidden. It will be seen that the electric 
organ can be a highly successful weapon of offence as well as defence. Electric- 
rays often eat bony fishes as large as is possible for them to swallow. In 
certain other rays electric organs are comparatively small and situated at the 
sides of the root of the tail. In all cases the cells are formed from specialUed 
muscle-fibres. \ 

Although no extant marine fish is known to use electrical discharges in 
direction finding (see p. 335), it is perhaps not impossible that the device 
originated for this purpose in shallow off-shore gulf-waters constantly flooded 
by muddy rivers. There is, of course, no direct comparison, but it is not with- 
out interest that extant teleosts of several families have suffered visual degen- 
eracy in such situations. 

Luminous organs occur on the surface of a few oceanic elasmobranchs. 
Spimx molleri, a small (20-inch) shark of Australian waters, gleams vivid 
greenish from its ventral surface. According to one early nineteenth-century 
author it imparts to itself ‘ a truly ghostly and terrific appearance ’. 

Alimentary Canal and Associated Structures. — Teeth are developed on the 
palatoquadrate and on Meckel’s cartilage. They are arranged in several 
parallel rows, and are developed from a groove within the margin of the jaw. 
Successive rows come to the front, and, as they wear out, fall off and are replaced 
by others. In the sharks the teeth are usually large, and may be long, narrow, 
and pointed, or triangular with serrated edges (Fig. 147, p. 220), or made up of 
several sharp cusps. In the rays the teeth are more or less obtuse. Some- 
times, as in the eagle-rays, they form a continuous pavement of smooth plates 
covered with enamel. Thus they are adapted to crushing food such as molluscs, 
crabs, and other animals. An exceptional shark is the large (up to 40 feet) 
Basking Shark {Cetorhinus), which lives on plankton. Water and krill are 
taken in through the mouth. The latter are strained and prevented from 
passing through the branchial clefts by elongated gill-rakers. There is recent 
evidence that during the winter these are lost and that Cetorhinus undergoes a 
quiescent demersal phase until the seasonal improvement of food supplies. 
Sharks generally have a prominent tongue supported by the median basihyal ; 
this is entirely or almost entirely absent in the rays. The various divisions of 
the alimentary canal are similar in all the members of the class to those already 
described in dogfishes. A spiral valve is always present in the large intestine. 
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though its arrangement varies considerably in the different families. In some 
cases (e.g. Carcharinm) the fold is not a spiral one, but, attached by one edge 
in a nearly longitudinal line to the intestinal wall, is rolled up in the shape of a 
scroll. A pair of pyloric caeca occur in Sotnniosus. Connected dorsally to the 
rectum is a mediam glandulaor caecum, the rectal gland. The rectum always 
terminates in a cloaca, into which the urinary and genital ducts also lead. 
There is always a large liver and a prominent pancreas. 

A thyroid can be found in the middle line behind the lower jaw. A repre- 
sentative of the thymus lies on either side, a little below the upper angles of the 
branchial clefts. 

The respiratory and associated organs of the Chondrichthyes always have 
the general structure and arrangement already described in the case of the 



Fig. 184. — Careharodon: Eyes and mechanism ol accommodation. The left figure shows the 
peculiar prop-like optic pedicel (op) which is, however, absent (probably lost), in some elasmo- 
branchs (e.g. Dogfish, Scyliorhinus and certain deep-sea forms) and not fully articulated 
in others. The eye is above represented in full accommodation. Were the protractor lentis 
muscle relaxed, the lens would be withdrawn from the cornea, a, horizontal section; h, vertical 
section (cf. teleost eye, p. 316); c. cornea; ch. chorioid; cf. ciliary folds, from which gelatinous 
zonule passes to lens equator; ext. external rectus; i. iris; inf. inferior rectus; int. internal rectus; 
1 . lens ; op. optic pedicel ; p. papilla (bearing protractor lentis muscle) ; r. retina ; s. suspensory 
* ligament ' (a thickening in the zonule); sc. scleral cartilage; sf. fibrous portion of sclera; so. 
superior oblique; sup. superior rectus. (After Walls.) 


Dogfish. In the rays the water for respiration is taken in mainly through the 
spirades ; in the sharks through the mouth. 

In addition to the gills supported on the hyoid and branchial arches there 
is also in the Notidanidae a gill on the anterior side of the spiracular deft — ^the 
spirucular gill — represented in many others by a rete mirabile or network of 
blood-vessels {pseudobranch, p. 230). 

Blood-vaseular System. — ^The heart has, in all essential respects, the same 
structure throughout the group. The conus arteriosus is always contractile, 
and contains several rows of valves. The general course of the drculation is the 
same in all (see pp. 240-245), with some variation in the precise arrangement 
of the vessels. In some of the rays the ventral aorta and the roots of the 
afferent vessels are partly enclosed in the cartilage of the basi-branchial plate. 

Haematopoietic tissue occurs in the spleen. In addition, elasmobranchs of 
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both sexes possess lymphoid epigonal organs (Fig. 185) that are concerned with 
the manufacture of both red and white cells. In Cetorhinus, unlike most 
selachians, the testis is almost completely surrounded by the epigonal organ 
(Matthews). In the female the organ is bilateral even though the left ovary is 
absent or rudimentary. The organ of Leydig, too, is said to produce gran- 
ulocytes. As in the Agnatha, the lymphatic system has not been shown to be 
clearly distinct from the venous: blood is commonly found in lymph vessels 
(Mott). 

Brain. — The fore-brain greatly exceeds the other divisions in size. In 
Scymnorhimis there are two widely-separated cerebral hemispheres containing 
large lateral ventricles. In other genera there is at most, as in dogfishes, a 
median depression of greater or less depth, indicating a division of the anterior 
end of the fore-brain into two lateral portions. In Scyliorhinus, as already 
pointed out, there is a median ventricle which gives rise anteriorly to two 
lateral ventricles, and the same holds good for Squalina and Squalus. In most 
rays there is only a very small median ventricle without anterior prolongations ; 
in Myliobatis this is absent. The olfactory bulbs are of great size, in some cases 
with short and thick, in others longer and narrower, stalks. In Scyliorhinus, 
Squalina, and Squalus, as well as in Scymnorhinus, they contain ventricles 
{rhinocccles) forming part of the lateral ventricles. In the rays they are solid. 

The diencephalon is of moderate extent. On its lower aspect are a pair of 
rounded lobi inferiores, which are of the nature of dilatations of the infundi- 
bulum, a part of the hypothalamus, and a saccus vasculosus, which is a diverti- 
culum of the infundibulum. Directly below the saccus vasculosus lies the 
hypophysis. The epiphysis is long and narrow. 

In the hind-brain the cerebellum is relatively greatly elongated and overlaps 
the tectum of the mid-brain and sometimes also the diencephaJon in front, while 
behind it extends over the posterior part of the medidla oblongata. It usually 
contains a cerebellar ventricle. The medulla is elongated in the sharks, 
shorter and more triangular in the rays. The electric rays possess dectric lobes 
which are rounded elevations of the floor of the fourth ventricle. 

Organs of Special Sense. — Integumentary sense-organs {neuromasts, p. 137) 
are highly developed in the Chondrichthyes. They are supplied, as already 
mentioned, by branches of the nerves of the lateral system, comprising, in addi- 
tion to the lateralis, nerves in relation with the facial and sometimes the 
glossopharyngeal. These integumentary sense-organs occur in the interior 
of a continuous system of closed tubes, the sensory tubes, more rarely of open 
grooves. The chief canals of this system are a lateral-line canal, r unning along 
the middle of each side of the body, which is continuous with certain canals in 
the head. These communicate with the exterior at intervals by small pores. 
In addition to the canals of the lateral-line system there are a number of 
isolated canals, the ampuUary canals, with neuromasts contained in terminal 
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enlargements or ampulla. These, almost peculiar to the Chondrichthyes, are 
most numerous about the snout region. Of similar essential character are 
the vesicles of Savi which occur in the electric rays. (The teleost catfish 
Ploiosus also possesses ampullae.) 

The olfactory organs are a pair of sacs opening on the lower surface of 
the head, a little distance in front of the mouth, and enclosed by the cartilagin- 
ous olfactory capsules of the skull. Their inner surface is raused up into a 
number of ridges on which the fibres of the olfactory nerves are distributed. 

There is ample evidence that at least some sharks hunt primarily by scent. 
Collecting parties wading through shallows on the Great Barrier Reef have 
found that small sharks prefer to follow people whose legs have been gashed 
by coral. Commercial shark fishermen, who hunt Australian sharks for their 
hide and liver oils, sometimes throw overboard buckets of bullocks’ blood ob- 
tained from abbatoirs, and find this a successful lure. Researches during the 
Second World War revealed that copper acetate repelled sharks to a certain 
extent. 

The eye (Fig. 184) is usually big. It has a cartilaginous sclerotic, and is 
in most, but not all, cases attached to the inner wall of the orbit by means of a 
cartilaginous stalk or optic pedicel ‘running prop-like from cranium to eyeball’ 
(Walls). At the eyeball this is often expanded and cupped, and forms a socket 
joint for the rotation of the eye. In a few sharks and rays this pedicel is slender 
and sufficiently bent and elastic that its own tendency to straighten itself can 
proptose (protrude) the eyeball when the extra-ocular muscles act together. 
This action, with broadly the effect of a levator bulbi muscle (p. 413), may have 
been the original function of the apparatus. In the elasmobranchs studied, 
accommodation is brought about by smooth muscle-fibres that swing the whole 
lens towards the cornea. Thus the action is towards near vision, as in Man, 
and not towards distant vision, as in lampreys and bony fishes. The protractor 
lentis muscle may, in addition, cause the lens to bulge the cornea to some 
degree. A fold of the conjunctiva, resembling the nictitating membrane of 
higher vertebrates, occurs in some sharks (e.g. Carcharinidae). One deep-sea 
electric ray, Benthohatis moresbyi, possesses degenerate eyes. Most elasmo- 
branchs lack cones in the retina, but a few — e.g. Mustelus and particularly 
the eagle-ray {Myliobatis) — ^possess them, probably derived independently, in 
these animals, from rods (p. 140). The tapetum (p. 141) has been lost in at 
least two groups of unusual habit — ^the Basking Shark (Cetorhinus) and the 
abyssal shark Lcemargus. 

Audio*«4tiilibratioii. — ^The membranous labyrinth consists of a utricle and 
saccule, incompletely separated, and together forming a membranous vestibule 
from which arise the three semicircular canals with their ampullae, and also 
the endolymphatic duct. This retains its opening to the exterior on the dorsad 
surface of the head and represents the stalk of the embryonic otic vesicle. In 
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the rays the semicircular canals form almost complete circles and open separately 
into the vestibule by narrow ducts. 

Endocrine Organs. — Relatively little work has been done in this field in 
selachians. There is evidence that the pituitary exerts central governing 
influences (p. 149), but it would be unwise in the extreme to assume that 
elasmobranch endocrines exactly parallel functionally those of higher creatures. 
In some cases there is evidence that they do not. 

The inter-renals are homologous with the adrenal cortex of higher animals, 
but differ in their position and, apparently, some of their functions. The 
selachian inter-renal can be single, median, and elongated (as in Scyhorhtnus) , 
paired, and diffuse (as in Raja), or single, asymmetrical, and condensed (as in 
Torpedo). Deprivation leads to death, but cortical extracts from a manhmal 
(rat) will prolong life in Torpedo after removal of its inter-renal gland. Ex- 
tracts from the skate inter-renal will likewise maintain life in adrenalectomised 
rats. 

The medullary homologue has been dealt with above (p. 252). Little is 
known of the thyroid functions in selachians. Corpora lutea of a supposedly 
mammalian structure have been described, but these have not yet been proved 
to be true post-ovulatory, rather than pre-ovulatory, bodies. There is some 
evidence that extracts of dogfish pituitary will cause lactation in mammals, 
but nothing is known of the possible endocrine control of the so-called * uterine- 
milk' of certain viviparous selachians (p. 278). Interstitial aggregations 
(Leydig cells) of the typical vertebrate kind (e.g. Peiromyzon, Man) occur in the 
testes (see p. 152). There is evidence that testosterone increases clasper- 
length in young males (see p. 256 in regard to erection), and that oestrogens 
accelerate growth in the reproductive tract in young females. 

The pancreas contains islets. 

Urinogenital Organs and Reproduction. — The kidneys differ somewhat in the 
two sexes (p. 252). In the male the anterior portion persists in the epididymis, 
and its duct becomes the spermiduct, while the posterior portion, which is the 
functional kidney, has a duct or ducts of its own. In the female selachian there 
is no direct connection between the reproductive and renal organs ; the 
anterior portion of the kidney may be functional, and its duct persists, opening 
along with those of the posterior portion. In the male the urinary ducts open 
into a median chamber — the urinogenital sinus — ^which extends into the cloaca, 
and receives also the spermiducts. It communicates with the general cavity of 
the cloaca by a median opening situated on a papilla — the urinogenital papilla. 
In the female there is a median urinary sinus, into which the urinary ducts 
open, or the latter may open separately into the cloaca (see Fig. 170, p. 253). 

Save in certain exceptional cases (e.g. Scyliorhinus), there are two ovaries. 
These vary considerably in form, and towards the breeding are characterised 
by the great size of the follicles enclosing the mature ova. The oviducts 
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(Mullerian ducts) are separate from the ovaries. The right and left oviducts 
come into dose relationship anteriorly, being united in the middle on the 
ventral surface of the oesophagus. Here each opens by a wide orifice into the 
abdominal cavity, or both open by a single median aperture. The following 
part of the oviduct is very narrow. At one point, however, it exhibits a 
thickening, due to the presence in its walls of the follicles of the nidamentary 
gland. Posteriorly, the oviduct gives rise to a dilated uterus, and this communi- 
cates with the cloaca through a wide vagina. In ovoviviparous elasmobranchs 
(p. 278) the shell-gland is small or vestigial. 

The ova are very large, consisting of a mass of yolk-spherules held together 
by a network of protoplasmic threads, with, on one side, a disc of protoplasm — 



Fig. 183. — Cetorhinuas UrinoKeniUl ftndasBOcisted otgam. Left; of female (with oesophai^s) ; 
Right: of male. amp. ampulla ductus deferentis; cpi. epididymis; EP. O. epigonal organ (see p. 
274); isth. isthmus; kid. kidney; L. gl. Leydig's gland; nid. gl. nidamentary (‘ shell ’) gland; ov. 
ovary; ov. if. oviduct; a?5. oesophagus; testis; Mf. uterus; Mf. (/.) uterus (lined with folds); itt. (t.) 
uterus (lined with trophonemata) . (Redrawn after Harrison Matthews.) 


the germinal disc. The process of maturation is similar to that observable in 
holoblastic ova. One polar body is thrown off in the ovary, the other apparently 
at impregnation. The ripe ovum ruptures the wall of the enclosing follicle and 
so passes into the abdominal cavity to enter one of the oviducts through the 
wide abdominal opening. Impregnation takes place in the oviduct. The 
impregnated ovum in the oviparous forms becomes surrounded by a layer of 
semi-fluid albumen and enclosed in a shell of keratin secreted by the shell- 
gland. The shell varies in shape somewhat in the different groups. Most 
commonly, as in many dogfishes (Fig. 172), it is four-cornered, with twisted 
filamentous appendages at the angles, by means of which it becomes attached 
to sea-weeds and the like. In the skates the filaments are absent. In Hetero- 
dontus it is an ovoid body the wall of which presents a broad, spiral flange. 
In Rhiuobatus and Trygonorhina, which are both viviparous, each shell encloses 
not one egg, but three or four. 
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Somniosus. formerly thought to differ from other Chondrichthyes in having 
the ova externally fertilised, produces remarkably small ova. The eggs of the 
Basking Shark, too, are relatively small. 

Placentation. — It is among the elasmobranchs that we see the first develop- 
ment of a true placentation as distinct from the primitive arrangements that 
occur among arthropods (e.g. certain insects and Peripatus) and in Salpa among 
the Tunicata (p. 20). We will see that vivipary or internal gestation with the 
formation of a placenta (as apart from mere ovovivipary) has been developed 
independently also in teleosts (p. 351), and reptiles (p. 549), among poikilo- 
thermous animals. A placenta has been defined as ‘ any intimate apposition 
or fusion of the foetal organs of the maternal (or paternal) tissues for physi- 
ological exchange’ (Mossman), although, as Amoroso points out, people 
commonly restrict the expression to mean the chorio-allantoic placenta fo^d in 
some reptiles and many mammals (see pp. 550, 904). \ 

In a few sharks, snakes, lizards, and in most marsupials the chorion is vas- 
cularised from the allantois, and thus unites with the wall of the uterus or its 
equivalent structure. Selachians commonly nourish their internally developing 
young with material from the yolk-sac {ovovivipary), but in many of these, 
even though the egg-case is intact, the maternal epithelium secretes products 
that assist in the nutrition of the embryo. In some species there is a con- 
siderable development of new epithelium {AcarUhias), or even villi {Torpedo, 
Trygon), but in others a so-called uterine-milk is produced without gross alter- 
ation of the maternal mucosa. 

In the ovoviviparous elasmobranch Lamna the yolk is soon absorbed, but 
immature eggs or degenerating ovarian tissue pass into, and down, the oviducts 
to the uterine chamber, where the material is eaten by the embryos, which 
are said to remain within the parent for more than a year. 

Among the truly viviparous selachians, placentation has been extensively 
investigated in Mustelus, Scoliodon, and other genera. The embryos of 
Mustelus each develop in separate compartments in which villi develop and 
fuse with grooves in the yolk-sac. This gives rise to a simple yolk-sac placenta, 
involving modification of both parental and embryonic tissues and the in- 
vasion of maternal capillaries to a degree that brings both circulations into an 
intimacy that allows efficient functional, including gaseous, exchange. 

In several species of Scoliodon an almost complete union is formed between 
the yolk-sac of the embryos (again in compartments) and the maternal epithel- 
iim. The mucosa is raised, and then invaginated, into a series of small, 
highly vascrilar cups, and to each one of these a yolk-sac is joined. A placental 
cord is formed on which thread-like appendicula assist in the absorption of 
maternal secretions. The arrangement of the placenta differs in various 
species in the genus. In S. sarrakowah the placental cord is formed so that (as 
in higher mammals) a wholly vascular connection is obtained. 
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Itevelopment. — Except in one species of Heterodontus, cleavage is meroblastic. 
It is confined to the germinal disc. A segmentation cavity appears early 
betweeh the blastoderm cells and the yolk; the floor of the blastocoele becomes 


Fig. 186.— Sdftdiii: 

Embryo in longitudinal section. A , sec- 
tion of the young blastoderm with seg- 
mentation-cavity enclosed in the lower 
layer cells; older blastoderm with 
embryo in which endoderm and meso- 
derm arc distinctly formed, and in which 
the alimentary slit has appeared. The 
segmentation-cavity is still represented 
as being present, though by this stage it 
has in reality disappeared. C. older 
blastoderm with embryo in which the 
neural canal has become formed and is 
continuous posteriorly with the alimen- 
tary canal. Ectoderm without shading; 
mesoderm and also notochord black with 
clear outlines to the cells; endoderm and 
lower layer cells with simple shading. 
aL alimentary cavity; ch, notochord; 
ep. ectoderm; m. mesoderm; n. nuclei 
of yolk; nc. neurocoele; 5g. segmen- 
tation-cavity; X. point where ectoderm 
and endoderm become continuous at the 
posterior end of the embryo, (After 
Balfour.) 



covered with a syncytium which probably plays a part in yolk digestion (Fig. 
186, «). When cleavage is complete the blastoderm is a lens-shaped disc 

thicker at one end — the future caudal 
extremity. 

Mass migrations of cells now take 
place round the dorsal lip, which is at 
the posterior edge of the blastodisc. 
An archenteron is formed (Fig. 186, 
a/.). (An archenteron is not formed in 
the teleosts, but in most other respects 
gastrulation is similar in both groups; 
see p. 319.) The invaginated cells 
migrate forward forming mesodermal 
and endodermal structures and elimi- 

Fig. 1 87.— MaeUi : Embryo nating the blastocoele at the same time, 

of 5ry/mrAtftn5 with the tail-swellings _ . .a.* jj-.- ai_* 

well marked and the medullary groove just H IS poSSlDlC tll 3 .t in nuClitiOn tO tills 

hiad! migration some endodermal 

(Alter Sedgwick.) cells are derived in selachians by delam- 

ination from the early gastrula. 

At the end of gastrulation the medullary groove begins to form in the same 
way as in other vertebrates. Similarly, somites, lateral plate, notochord. 
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and intermediate cell mass become laid down. The archenteron becomes 
the alimentary canal. 

As the blastoderm e.xtends over the yolk, its posterior edge assumes the 


form of two prominent caudal swellings 
(Fig. 187, cd.). The medullary groove 
meanwhile deepens, and its edges grow 
over so as to form a canal (Fig. 186, C ; 
Fig. 188). The union takes jdace first 
in the middle, the anterior and posterior 
parts (Fig. 188, nenr.) remaining open 
for a time. When the posterior part 
closes, it does so in such a way that it 
encloses the blastopore, and there is 
thus formed a temporary passage of 
communication between the medullary 
canal and the archenteron — the neu- 
renteric passage. 

By degrees the body of the young 
fish becomes moulded on the blasto- 
derm. This is effected by the formation 
of a system of anterior, posterior, and 



ndw 

Fig. 188.— Sdachii: Oerelopment. Em- 

bryo of a Ray with the medullary groove 
closed except at the hind end. The notched 
embryonic part of the blastoderm has grown 
faster than the rest and come to project over 
the surface of the yolk. bl. e. edge of blasto- 
derm; hd. head: neur. unenclosed part of the 
neurocoele. (After Sedgwick.) 


A 




Fig. 1 8g. — Selaohii: Development. 

Three views of the developing egg, showing 
the embryo, the blastoderm, and the vessels 
of the yolk-sac. The shaded part (bl.) is the 
blastoderm, the white part the uncovered 
yolk. A , young stage with the embryo still 
attached at the edge of the blastoderm ; J5, 
older stage with the yolk not quite enclosed 
by the blastoderm; C, stage after the com- 
plete closure of the yolk. a. arterial trunks 
of yolk-sac; bl. blastoderm; v. venous 
trunks of yolk-sac; y. point of closure of the 
yolk-blastopore; x. portion of the bla.sto- 
derm outside the arterial sinus terminalis. 
(After Balfour.) 


lateral folds. These grow inwards and separate the body of the embryo from 
the rest of the btetoderm enclosing the yolk. As the folds approach one 
another in the middle, underneath the embryo, they form a constriction 
connecting the body of the embryo with the yolk enclosed in the extra- 
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embryonic part of the blastoderm. The process may be illustrated by pinching 
off a portion of a ball of clay, leaving only a narrow neck connecting the pinched- 
off portion with the rest. The body of the embryo is thus gradually folded off 
from the yolk-sac and comes to be connected with it only by a narrow neck 
or yolk-stalk (Fig. 189). The head and tail of the young fish soon undergo 
differentiation, and a series of perforations at the sides of the neck form the 
branchial clefts and spiracle. A number of very delicate filaments (Fig. 190) 
grow out from these apertures and become greatly elongated. These are the 
provisional gills, which atrophy 
as development approaches 
completion, their bases alone . ^ 

persisting to give rise to the 

permanent gills. The great r ' J 

development of these gill-fila- i t'' 1 ^ ’ ijir 

ments in the embryos of some ^ 

viviparous forms suggests that, \ I j 

in addition to their respiratory I ’ 

functions, they may also serve 1 I, 

as organs for the absorption of /> .-'* • 1 f ■ 

■ nutrient fluids secreted by the ^lo. igo.-^w^: DeyetopmoU. Uft: Head of 
. , embryo of Scyhorhtnus caittexilus, with the rudiments of 

villi of the utenne wall. the rUIs on the first and second branchial arches. Right ; 

Tho fin<i hnth naired and * .somewhat later stafje. The Rill.filaraents have in- 

1 ne nns, ooin pairea ana in number and are present on the mandibular 

unpaired, appear as longitud- arch. «*»;?. angle of the jaw; Ay. hyoid; m. Am. mid-brain; 
. , . j » , 1 . . j mnd. mandible; nos. nasal sac; spir. spiracle. (After 

mal ndges of the ectoderm en- sedgwick.) • 1 y 

closing mesoderm. In some 

Chondrichthyes the paired fins are at first represented bn each side by a con- 
tinuous ridge or fold, which only subsequently becomes divided into anterior 
and posterior portions — the rudiments respectively of the pectoral and pelvic 
fins. Into these folds penetrates a series of buds from the somites. These, 
the muscle-buds, give rise to the fin-muscles. At first, from their mode of 
origin,, these present a metameric arrangement, but this is in great measure 
lost during development. 

While half the embryo is still in the yolk sac, and the body as yti 3 mm. 
long and possessed of only fifteen somites, its body-muscles contract rhythm- 
ically and cause a lateral bending of the head region. There is experimental 
evidence that such rh5dhmicity seems to be independent of neural control. Its 
function may be to keep the surrounding fluid moving and to assist oxygenation. 

It is of interest that the ovoviviparous Sgualus acanthias undergoes one of 
the longest gestation periods known. The 2 to 12 embryos may be held from 
20 to 22 months (see also p. 907). During this period each is probably entirely 
dependant for nourishment on its extremely lai|;e yolk sac (Gilbert). 


Fig. 190. — Seladbii: Developmmit. Left: Head of 
embryo of Scyliorhinus canieuluSt with the rudiments of 
the Rills on the first and second branchial arches. Right : 
at a somewhat later stage. The gill-filaments have in- 
creased in number and are present on the mandibular 
arch, ang, angle of the jaw; hy. hyoid ; w. brn, mid-brain; 
mnd. mandible; nas. nasal sac; spir. spiracle. (After 
Sedgwick.) 
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SvlhClass Aetinopterygii 
nTRODUCTION 

The ray-finned 'bony fishes’ indude all the commcMiest marine speaes of 
to-day {e.g. cod, sole, herring, eels) as well as the numerous forms that odpur in 
freshwater lakes and streams of almost every country. They indude also 
some of those peculiar and archaic survivals which used to be called ‘ganoids’ 
(pp. 287, 326)— «.g. the sturgeons, Garpike {Lepisosteus) ^ and the Bowfin {Amia) 
(p. 292). Other survivors of ancient lines, Pdypterus and Erpetoichthys 
(p. 290), which were once placed with the crossopterygians— lung-fishes (p. 361) 
and coelacanths (p. 356)— are now believed to be actinopterygians. 

The earliest known actinopterygians came (as did the crossopterygians) 
from freshwaters of the mid-Devonian. The groups are undoubtedly older 
than the strata from which they were described. It is a curious fact that 
while only very few osteichthyian fragments of dubious early Devonian age 
have been discovered, great numbers of diverse species had appeared by the 
mid-Devonian and they actually dominated the freshwaters of the time. 

Whether the Crossopterygii and the actinopterygians are of immediate 
common ancestry is uncertain. It is likely that some common progenitor 
did in fact exist in Upper Silurian or in very early Devonian waters. Each 
group had already diversified widely and characteristically by mid-Devonian, 
from which the earliest known indisputable examples come. The actinoptery- 
gians were at first much rarer than the crossopterygians, but to-day they are 
among the commonest vertebrates. The crossopterygians, on the other hand, 
have dwindled drastically, until to-day only four genera, including a mere 
handful of species, survive. 

The Aetinopterygii get their name from the structure of the paired fins, as 
seen in the more modem representatives of the group. 1110 ancestral animals 
were more heavily scaled. Further, they were clumrier, and probably slower, 
than the more advanced and streamlined bony fishes of to-day. Unlike the 
paired fins of the Chondrichthyes (or the ardiipterygial fi™ of certain other 

» m animal is dually called -LtpHoskus’, but the origiaal orthography if UpUoslius and 
this IS here used, with strong misgivings. * r / r 
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fishes which have cartilaginous or bony basal supports projecting outside the 
body-wall), the modem actinoptoygian fin has these supports reduced almost 
to vanishing point. Further, the fin-web l}dng outside the body-wall is sup- 
ported by the fin rays alone. The Polypterini and Chondrostei (sturgeons) 
(p. 288), and some of the early palseoniscoids (p. 285) which are somewhat 
more primitive as regards their fin structure, are exceptions. 

The structure of the scales, being ganoid as opposed to cosmoid of early 
Ciossopterygii (see p. 353). is an important diagnostic feature. The scales of 
most of the group, however, especially in the more recent forms, have gradually 
become modified by the loss of many elements, and may be reduced to thin 
homy stractures, or may even be absent. The tail is at first heterocercal, 
i.e. the lower fin-lobe is disproportionately developed, and is supported only 
by the hypuials. It next Hornes semi-heterocercal, and finally homocercal 
(Fig. 204, p. 302) or, more rarely, diphycercal (Fig. 251, p 365). The investing 
bones of the skull and jaws can be compared with those of the Crossopterygii, 
but show a certain amount of numericsil reduction and modification in shape. 

The earlier forms, judged by what we can see in the persisting species of 
the more primitive groups (such as the sturgeons, Polypterini, Amia. and Lepi- 
sosteus), possessed spiracles, abdominal pores, and a spiral valve in the gut. 
More advanced species have lost these structures. The respiratory arrange- 
ments have changed from a gill-condition near the laminar type to the fully 
filamentar (Fig. 73, p. 106). In exchange for a large valvular conus in the heart, 
a prominent elastic bulbus arteriosus has been evolved, the conus becoming 
reduced to one or, at most, two rows of valves. There is a gradual alteration 
of the genital ducts towards the specialised type of the teleosts (p. 293). The 
brain stmcture is characteristic in the large corpora striata, cerebellum, and 
medulla, presence of the valvula cerebelli, and in the absence of cerebral 
lobes. 

The actinopterygians in general show no trace of internal nostrils. In the 
few forms that possess them (p. 339) such stractures are not homologous with 
those of lung-fishes and tetrapods (p. 381). The more primitive actinoptery- 
gians, again unlike the lung-fishes, have only one dorsal fin (instead of two). 
Although no bony fish reaches a size rivalling that of the biggest sharks (p. 219), 
the chondrostean Huso huso (a sturgeon) grows to a length of about 24 
feet and may weigh as much as 2,000 lbs. A few bony fishes are as ferocious 
as the most dangerous sharks. At least two kinds — ^the marine barracudas 
and the fresh-water Piranha (Caribe or Charadn-fish) of South America — 
'Arill attack Man without fear, or provocation. The barracudas {Sphyrana) 
are swift tropical and sub-tropical forms with dagger-hke teeth. Some grow 
to a length of about eight feet and are much feared in West Indian and Central 
American waters. The river-dwelling Piranha {Serrasedmus) rarely exceeds two 
leet in length but hunts in large shoals. It possesses powerful jaws with 
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cutting teeth that can inflict grievous injury. Like sharks (p. 275) the Piranha 
is said to be acutely sensitive to the smell of blood. 

A pineal aperture, common in early crossopterygians, rarely occurs. Little 
muscle or other soft tissue extends into the paired fins. These depend essen- 
tially on flexible dermal rays for their support. The differences in scale 
structure have been mentioned above and elsewhere (p. 83). 

As stated previously, the actinopterygians seem to have arisen in fresh 
water, as did other bony fishes. There was some invasion by them of the sea 
as early as Palaeozoic times, and in the Triassic a great maurine radiation oc- 
curred, a trend that has been continued ever since. The munerous freshwater 
teleosts of to-day have arisen as the result of former reinvasions of rivers and 

lakes. I 

As in most vertebrates, stories relating to the longevity of fishes are generally 
grossly exaggerated. Pike and carp are traditionally claimed to live for as 
long as 150 to 200 years, but no reliable records are available. Regan has 
suggested that pike of 60 or 70 lb. may be ‘ at least as many years old ’ (cited by 
Norman). 

As usual, there is a variety of opinions concerning the most revealing 
classification within the group. In the arrangement preferred below, the 
assembly is divided into three super-orders, for which are retained the old and 
familiar names Chondrostei, Holostei, and Teleostei. At the same time we 
must remember that these names in no way truly reflect the history of actino- 
ptetygian — and osseous — development as was believed when they were first 
assigned. 

SUB-CLASS ACTINOPTERYGll 

Super-order Chondrostei 
Orders Pateonlseoidea (Devonian-Recent) 

Acipenseroldel (Jurassic-Recent) 

Polypterini (Eocene-Recent) 

Supw-order Holostei 

Orders Semionotoldea (Upper Permian-Recent) 

Pyenodontoidea (Upper Triassic-Eocene) 

A^^idorhynchoidea (Upper Jurassic-Cretaceous) 

Amioidea (Triassic-Recent) 

Pholidophoroidea (Triassic-Cretaceous) 

Super-order Teleostei ' (Lower Jurassic— Recent) 

Orders Isoqiondyli (= order Clupeiformes) 

Haplomi (= sub-order Esocoidei) 

Iniomi (= order Scopeliformes) 

** e»sen«ally that of Regan. The more modem amiigement of Berg •» 
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Ordws Miiiplnnati 

Oiguitiirotdea (= order Giganturiformes) 

Lyomeii (= order Saccophaiyngiformes) 

Ostariophysi {= order C3rpriniformes) 

Apodes (= order Anguilliformes) 

The above group is composed of ‘sofi-rayed’ orders {e.g. Fig. 201). 

Orders Heteroml (= orders Halosauriformes and Notocanthiformes) 
Synentognathi (= order Beloniformes) 

Salmoperese (= order Percopsiformes) 

Miwocyprini (= order Cyprinodontiformes) 

Solenichthyes (= order Syngnathiformes) 

Anaeanthini (= orders Gadiformes and Macruriformes) 
AIIoMognathi (= order Lampridiformes) 

The above group is composed of ’intermediate' orders. 

Orders Beryeomorph! (= order Beryciformes) 

Zeomorphi (= order Zeiformes) 

Pereomorphi (— order Perciformes) 

Gobiomorphi (= sub-order Gobioidei) 

Seleroparei (= sub-order Cottoidei) 

Thoracostei (= order Gasterosteiformes) 

Hypostomides (= order Pegasiformes) 

Heterosomata (= order Pleuronectiformes) 

Discoeephali (= order Echeniformes) 

PlectognatM (= order Tetraodontiformes) 

Malaciehthyes (= order Icosteiformes) 

Xenopterygii (= sub-order Gobiesocoidei) 

Haplodoci (= sub-order Batrachoidei) 

Pediculati (= order Lophiiformes) 

Opisthomi (= order Mastacembeliformes) 

Synbranehii (= order Synbranchiformes) 

The above group is composed of ’ spiny-rayed’ (e.g. Fig. 202) and allied orders. 

SUPER-ORDER CHONDROSTEI 
Order Pal^oniscoidea 

Palaeoniscids and crossopterygians occur in the same Devonian deposits, but 
the former, although less numerous at first, quiddy came to outnumber the 
coelacanths and lung-fishes, and by Carboniferous times (p. 3) were already 
the dominant fresh-water vertebrates. The earliest known form is Cheirolepis, 
which, as with most of its late Palaeozoic allies, was only 6 or 8 inches long. 

The primitive ray-finned Palaeoniscoidea probably arose from some ancestor 
common to themselves and the Crossopterj^. Palaeoniscoids, however, had 
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some points of difference from the osteolepids, coelacanths, and Dipnoi on the 
one hand, and others, perhaps less deep-seated, distinguish them from later 
actinopterygians. 

The main differences between the early actinopterygians and the crosso- 
pteiygians can be seen by comparing two such forms as Palaoniscus and 
Osteolepis. The former had large eyes with no more than four sclerotic plates, 
as against the large eyes and many sclerotic plates of the latter. In PoliBoniscns 




B. 


Fig. 191 . — Super-order Gbondroitei, Order Palseoniscoidea, Family PilfiBonifeidBB. PakBoniB- 
eu8. Upper: Reconstruction (after Nicholson and Lydekker). Lower: A, lateral, and B, dorsal, 
aspect of head. Ant. antorbital; Br. branchiostegals; Clei. cleithrum; D. dentary; D. Pt. 
dermo-pterotic; D. dermo-sphenotic; if. Sc. extrascapulas; Fr. frontal; /. O. infraorbitals; 
Ar;r. maxilla; Na. nostril; Op. opercular; parietal; P. op. preopercular; P. o. postorbital ; 
Pt. Ros. rostral; 5. O. supraorbitals; Sub. O. suborbitals; 5. Clei. supracleithrum; 5. op, sub- 
opercular; 5. Sc. suprascapular. (After Westoll.) 

(Fig. 191) the maxilla had a wide postorbital extension which ran far backwards. 
This was firmly supported by a large preopercular, which functionally replaced 
the squamosal of Osteolepis, The cheek extended dorsally as far as the upper 
surface of the skull and helped to obliterate the spiracular cleft. In Osteolepis 
(Fig. 244, p. 355) the squamosal is a large bone. The preopercular was very 
small, and the maxilla itself was smaller. The osteolepid skull was further 
characterised by the internal nostril, the transverse meso-cranial joint (p. 358), 
and by peculiarities of dentition. All of these are entirely unrepresented in the 
actinopterygian skull. In the fins of palseoniscoids, while some of them had 
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a series of divergent radials which formed a short, rounded lobe, there was no 
defined central axis. They were in no way archipterygial. The structure of 
the scales was ganoid, not cosmoid (p. 83). Their arrangement on the tail 
was characteristic : there was an apparent break of pattern in the lines of 
scales on the upper tail-lobe ; these appear to have to run in a different direc- 
tion from those on the body. There was one dorsal fin only, compared with 
two in osteolepids. 

The palseoniscoids were essentially, though not exclusively. Palaeozoic fishes. 
They reached the peak of their development in the Carboniferous, and faded in 
the Triassic when they were being replaced by Mesozoic offshoots which 



Fig. 192. — Super-order Ohoodroitei, 
Order Palmmiseoiaaa, Family PerleididsB. 
Ueliehthyn. Lower Triassic, Upper; 
Restoration of H. elegans. Lower: 
Head. Clav. clavicle; Clei, cleithrum; 
Man. lower jaw; Max. maxilla; Op. 
opercular; Pre. Op. preopercular; Pt. 
Clei. postcleithrum; Pt. Fr. postfrontal; 
Pt. Orb. postorbital; Pt. tern, post- 
temporal; Sup. Clei. supracleithrum ; 
Sub. Op. subopercular; Sup. tern. 
supratemporal ; Ta6. tabular; X. un- 
certain homology. (After Brough.) 



specialised in various directions from the more primitive stock. Of these 
offshoots only a bare remnant has persisted in the four lines to-day represented 
by the sturgeons, Polypterus, Lepisosteus, and Amia (see pp. 290-293). There 
were, however, many other families evolved during the late Palaeozoic 
and Mesozoic, all pursuing their own evolutionary lines, only to become extinct. 
Some primitive forms persisted until the Jurassic and early Cretaceous. All 
these may be placed in a rather loosely defined group, the Holostei (p. 291). 
However, such a group cannot be clearly defined from the earlier palseoniscoids 
on the one hand, nor their later representatives from the teleosts on the other. 
It is Isu’gely a matter of various trends of evolution, but all the Holostei show a 
general trend which is quite separable from that of the sturgeons (Chondrostei), 
in that there is no considerable loss of bone nor reduction of jaws. The fin 
structure and gradual loss of many primitive characters also differentiate 
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them from Polypierus. The general trend of evolution away from their earUer 
palaeoniscoid ancestors is shown by the forward movement of the point of 
suspension of the lower jaw and the greater freedom of movement of the 
maxilla so as to allow a wider gape. The fins become more definitely actino- 
pterygian, and the tail more and more homocercal. The whole skelAon 
becomes more mechanically efficient. 

The Palseoniscoidea therefore, for the present, must be regarded as a collec- 
tion of families of separate lines of evolution whose actual relations one to 
another are still uncertain. Several lines had already become differentiated by 
the Devonian. These are so diverse that it is not possible to select one as 
absolutely typical of the whole group. Cheirolepis, although probably the 
earliest known species, was already specialised in Weral respects. The kmall 
scales were atypical in shape, the eyes unusually small, the skull had alvery 
large posterior extension, and its dorsal surface was flat instead of rounds. 

Families that may be placed in this order include the following; i. Palaeonis- 
cidae (e.g. PaUeoniscus (Fig. 191), Cheirolepis, Birgeria). 2. Platysomidae, 
deep-bodied fishes (e.g. Cheirodus, Platysomtts). 3. Saurichth}did£e, long- 
bodied fishes (e.g. Saurichthys, Belonorhynchtts). 4. Catopteridae (e.g. Cato- 
pterus). 5. Perleididae (e.g. Helichthys (Fig. 192), Perleidus). 

Order Acipenseroidei 

This order is represented at the present time by the sturgeons — ^viz., 
Acipenser (Fig. 193), a genus of about twenty species living in the rivers of 
Europe, North America and Asia ; Scaphirhynchus, the 'Shovel-nosed Sturgeon' 



Fig. 193. — Super-order Cbondnstoi, Order AoipaiiMfoUei, Family Ae^MOMridaB. Aeipemaer. 
One of the smaller stui^eons, the Sterlet (A . ruthenus) inhabits the Black and C^pian Seas. Stur- 
geons are mostly marine. They ascend rivers to breed and a few spend all their lives in fresh 
water. The tactile chin-barbels are a pointer towards the ground-feeding habits of the genus. 
Theoretically all sturgeons caught in English waters are the property of tihe Monarch (decree of 
Edward II, 1284-1327). b. barbels; c. /. caudal fin; d. f. dorsal fin; pet. f. pectoral fin; pv. /. 
pelvic fin; sc. scutes; »./. ventral fin. (After Cuvier.) 

of North America and Central Asia; Polyodon, the Spoonbill Sturgeon or 
Faddlefish of the Mississippi, and Psephurtts^ a spoonbill sturgeon from China. 

The roe of various species of Acipenser is sieved, salted, and preserved for 
the market as caviar. Sturgeons have colonised both salt and fresh water. 
They stir up mud with the snout, and by means of variously modified buccal 
and pharyngeal arrangements are able to scoop up, or suck in and filter, various 
bottom-dwelling invertebrates. 
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The group as a whole shows a mixture of primitive and secondarily modi* 
fied characters. In the first category are such features as the unconstricted 
notochord, the persistence of basi- and inter- 
dorsals and of basi- and inter-ventrals as 
separate elements in the vertebrae (Fig. 194). 
the retention of a davide in the shoulder- 
girdle, the primitive structure of the fins with 
their broad bases, the fulcral scales on the 
dorsad and caudal fin, the heterocercad tadl, 
the open spirade and spiracular pseudo- 
branch, the spiral valve and the anangement 
of the urinogenital oi^gauis. In the second 
category are certaun chauacters whidi atre 
more devdoped in the earlier tham in the 
later forms, auid which are therefore known 
to have become degenerate or lost. These 
indude the reduction of the jaws (owing to 
the suctorial method of feeding which has 
been acquired), the loss of ganoine on the 
scales and head bones, the reduction of the 
scales to a few rows on the sides of the body, 
and the irregularity amd loss of some of the 
head bones auid secondauy multiplication of 
centres of ossification of others. There is also a general loss of ossification in 


Fio. 195. — CJkon- 
ifroafetw.' SkoU and 
peetomlgMla. C. aei- 
penstroides. Ant. Br 
terior brancbiostegal; 
Ant. Orb. antorbital; C. 
Hy. ceratohyal; Ciov. 
clavicles; CM. clei- 
thrum; Fr. frontal; I. 
Tern, intertemponl; 
/m. jugal; Luc. lac^- 
mal; M*. maxilla; 
Op. opercular; P. O. 
postoitMtal; P. Tern. 
posttenqKnal; Pt. Fr. 
postfrontal; S. Cl*i. 
supradeithrnia; S.Op. 
snbopercnlar: S. Tern. 
supratemporal; Tub. 
ta b u l a r . (Aftw Wat- 
son.) 

A Jurassic spedes, Chondrosteus adpenseroides (Fig. 195), whidi reached a 
length of about 3 feet, wais the earliest known true stui'geon. It was transitional 
in structure, and althou^ degeneration had already set in, was probably of 


the whole skeleton. 

Pt.Fr ITem 5.Tem. Tab. 



AntBr. CHy, G.AV. 



Fig. 194. — Aeipmaer: Fre-eandal 
VOrtolmBe a, c. aortic canal formed by 
the union of ingrowths from the basi- 
and interventrals of opposite sides; 
6. d, basidorsals; h. v. basiventrals; 
i, d, interdorsals; t. v. interventrals; 
n. notochord; n. c, neural canal; n. sp, 
neural spine ; fU, s. sheath of notochord ; 
P. parapophysis; r, rib; s. n. foramen 
for root of spinal nerve. (From Cam- 
bridge Natural History.) 
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palsoniscoid origin through some such form as Coccocephalus. Fishes of Poly- 
odon affinity occurred in the Cretaceous. Their ancestry, however, is obscure. 

Order Polypterini (Cladistia) 

Few fossils are known, but the Cladistia are obviously survivals bx)m an 
ancient type. Polypterus (Fig. 196) and Erpetoichthys. the only known 
members of the order, were once classed as crossopteiygians largely be- 
cause of the appearance of the paired fins and of the arrangement of the paired 
ventral lung-like air bladder and its outlet into the pharynx. This structure 
may have helped the survival of Polyptents in a periodically drought-stricken 
environment. Spiracles persist and serve to expel excess water gulped in 
through the mouth. In Erpetoichihys a pharyrigeoh3T)ophysial duct regains 
open throughout life; in Polyptents it is closed in the adult. The of 
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Fig. 196.— Super-order Chondiostei, Order Polyptnini, Family Poly, 
pteiida. Potyptema biehir. The Central African Polvpterus (and the B 
closely related West African Erpetoichihys), together with the paddle- 
fishes (Polyodon) are aberrant freshwater ‘chondrostean’ survivors. 
also sturgeons (Fig. X93). A, entire animal; B, ventral view of throat. 

«fi. anus; hr. m. branchiostegai membrane; c. f. caudal fin; d. f dorsal 

Sfto’CuvLf’ P**^*'”^* P"-/- pelvic fin; v.f. ventral fin 

evidence favours an origin from some palaeoniscoid stock. The thick scales, for 

instance, are of typicaUy ganoid form. The skull lacks the division into’ the 

orbito-ethmoidal and occipito-otic regions so characteristic of the crossoptcry- 

gian skull (p. 368). The position of the nostrils on the dorso-lateral surface of 

the snout is typically actinopterygian. as is the anatomy of the soft parts such 

as a pyloric caecum in the gut and the teleostean-like character of the urino- 

gemtal organs. The teeth are simple in structure, and are without the peculiar 

structure and method of replacement found in the Crossopterygii. The 

stracture of the paired fin is peculiar, with its long posterior axis and prea.xial 

radials (Fig. 252, p. 367) and muscular lobe lying outside the body-wall. The 

^^°"‘^"‘'hthyes is superficial; and it is. however, 

as a modifir r r Crossopterygii. It can be interpreted 

less n^!?)r r ? actinopterygian pattern. On the other hand, 

characters of thTsk 11 ^ structure just mentioned, and various 

other Actinonte association of these two fishes with 

i a wSt bf T as represent- 

ing a persistent line of palsoniscoid affinity. 
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There are nine species of the gonts Polyptetus from the Co]:^;o, Nile, Niger, 
and Senegal river systems. The West African ErpetoicM^s ( » CaUmOjickthys) 
caldbaricus is small and more elongated, but otherwise very similar. The most 
noticeable features are the rhomboid scales, the presence of a pair of gular plates 
between the rami of the lower jaws, the lobed pectoral fins, the absence of 
ventral fins, the abbreviated heterocercal tail, and the division of the dorsal fin 
into a series of repeated finlets ('sails’), each supported by an anterior spine. 

SUPER-ORDER HOLOSTEI 

As mentioned above this is an extensive, extremdy varied and possibly very 
artifidal group of ray-finned fishes that present features that seem to indicate 
a position between the Chondrostei (p. 285) and the teleosts (p. 293). Thus, 
the Holostei rqnesent a fairly broad grade of development rather than a 
demonstrably related, however polymorphic, group. Such fidies possess an 


Fig. 197. — Super- 
order Holoitola Order 
flemionoloidM* Family 
Semionotidg. Dapmdhin 
poUHut. This family, 
containing also Lepidotus, 
were common holosteans 
in Mesozoic seas. (After 
Smith Woodward.) 



abbreviated heterocercal tail which sometimes superficially resembles the homo- 
cercal (Fig. 204, p. 302) appendage of later types; but the internal tail- 
structure remains unmistakably heterocercal. The scales are greatly modified, 
in that they have lost the mid^e layer of cosmine, }/et the outer ganoine layer 
is retained in varying d^ee. There is a considerable loss of bony fin-rays. 
The spiracle has disappeared, and in most no trace remains of a clavide. There 
is also a single dorsal swim-bladder (p. 339) prindpally of hydrostatic signi- 
ficance, but which is said to possess some slight respiratory function in modem 
representatives. The Holostei show a considerable d^;ree of uniformity in 
the reduction, modification, and freedom of the maxilla, together with strOcing 
changes in the preopercular and orbital regions. These signalled the devel<^- 
ment of the more advanced teleost architecture with which we will becmne 
familiar later on (p. 304) and which achieved dominance in the Cretaceous 
(Table i, p. 3). 

The Holostei probably appeared first in the late Uppo- Pomian and 
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Tiiassic (e.g. Setnionotm) and became very plentiful in the Jurassic (e.g. 
Lepidotus, Dapedius) (Fig. 197). As far as is known, they ranged from a few 
inches to a few feet in length. Two restricted fresh-water genera. Lepisosteus 
and Amia, linger on to-day. 

Order Semionotoidea 

This group arose (Family Semionotid*) in the late Palaeozoic and faded 
in the Cretaceous but still persists in a sole surviving pnus of gar-pikes (Le^- 
sosteus) of the fresh water of North and Central America. The second family 
(Lepisosteidae) auose in the later Cretaceous or early Tertiary when the former 
wais dying out. 

Lepisosteus (Fig. 198) shows a number of primitive features, such as a long 
valvular conus to the heart and a corresponding absence of a bulbus arteriosus, 
a tail still hemi-heterocercal, an air bladder with cellular walls, and thfck 



Fig. 198. — Super-order Hdioitei, Order Semionoti^es. Family Lepitoatekto. Leplaoateu». 
The 'Bony Pike' or Garpike (L. platystonws) and the bowfins (Amia, Fig. 199): these swift, pre- 
daceous freshwater fishes are the only surviving holostean genera, c. f. caudal fin; d. /. dorsal 
fin; ft. fulcra; 1. 1. lateral line; pet. f. pectoral fin; pv. f. pelvic fin; v. f. ventral fin. (After 
Curvier.) 

rhombic scales with a complete covering of ganoine. Fulcral scales are still 
retained, and traces of a clavicle are identifiable. On the other hand, the 
central jugal plate has been lost, and the spiracle is closed. The presence of 
pyloric caeca and the structure of the generative organs are teleostean features. 
Some specialised characters appear to be peculiar to the genus : the reduced 
maDcilla and its functional replacement by a number of tooth-bearing infra- 
orbital elements ; the numerous small cheek plates and, above all, the opis- 
thocoelous vertebrae as opposed to the much more common aunphicoelous 
vertebrae of most au:tinopterygian fishes. 

There aure several living species of Lepisosteits, of which L. tristaechus is said 
to attain a length of 10 feet. 


Order Amioidea 

This may be the tyqoical holostean group. Mesozoic marine r^resentatives 
of at least three families were extremely plentiful and a Tertiary fresh-water 
family (Amudae) persists to-day as a single North American species, the Bow-fin 
{Amia, Fig. 1991. Like the gar-pikes, Amia shows a mixture of primitive and 
advanced characters. Of the former the lung is dorsal, but bilobed and cellulaur. 
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so that a certain amount of air-breathing is still possible. A vestigial spiral 
valve is present in the intestine. A small valvular conus occurs in the heart, but 
there is also a considerable bulbus arteriosus. There is one large jugal plate 
between the rami of the lower jaws and well-developed branchiostegal rays as in 
teleosts. Unlike the teleost con- 
dition, there are no pyloric caeca ; 
and the lower jaws still retain the 
full number of elements. Of pro- 
gressive characters, the scades have 
become thin, cycloid, and have lost 
the ganoine layer ; the fins have 
lost all fulcra ; the tail is practi- 
cally homocercal; and the ver- 
tebrae solid and aunphicoelous ex- 
cept in the tail region where 
separate basi-dorsals and basi- 
ventrals still occur. 

In addition to the two orders, 
above mentioned, there were also 
the extinct Pycnodontoidea, Aspidorhynchoidea, and Pholidophoroidea. The 
last-named is perhaps the most interesting in that it gave rise to the Leptolepidse 
(see below) which may have contained the ancestors of the teleosts. Although 
this family is generally coiuidered to be teleostean, some authorities believe 
its members (e.g. Leptolepis) were no more than advanced examples of the 
Holostei. 



Fig. 199. — Super-order BUmM. Order AiUoMwi. 
Family AmIM— Anti*. Bowfin {A. ctUva). The 
single surviving species inhabits Nortli American 
freshwater lakes and rivers. The scales have lost 
their ganoine (p. 84). A. Entire animal; B. ventral 
view of throat, br. m. branchiostegal membrane; 
e.f. caudal fin; d.f. dorsal fin; jug. pi. jugular plate; 
jicl./. pectoral fin; pv./. pelvic fin; v./. ventnd fin. 
(After Gunther.) 


SUPER-ORDER TELEOSTEI 

The teleosts, of more than 25,000 living species, are an immensely successful 
group. They range through nearly all ocean depths and in the coldest polar 
seas and have colonised practically every freshwater habitat (including sub- 
terranean waters inhabited by relatively unpigmented, blind representatives) 
except those that freeze or are supplied by very hot thermal springs. Tbe 
economies of whole tribes of mankind depend on them, and great industries 
have been established to exploit them. Tdeosts present an almost bewildeiing 
— sometimes grotesque— diversity of form ; and an astonidun^ — and again 
sometimes grotesque — orange of psycho-physiological adaptations (cf. Fig. 202, 
p. 297) that make those of most birds seem relatively unronarkable. Some 
teleosts regularly migrate between extremes of salt and fresh water. Some 
occur in inestimable numbers. Teleosts are of outstanding practical importance 
to mankind. 

True teleosts probably appeared first in the lower Jurassic (e.g. Leptolepis, 
Fig. 200), and were certainly very abundant in the salt wat^ of the Cretaoeous, 
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the few exceptions already noted (p. 283), the only bony fishes in existence. 
The fall tide of evolutioahas not yet been reached ; new spedes are still in pro- 
cess of formation. Teleosts provide striking examples of adaptive radiation 
(p. 321 )- 

The marks by which a teleost, whatever its shape and appearance, can be 
recognised are partly in the loss of certain characters that are still presraved by 
the more primitive actinopteiygians, and partly the presence of a number of 
structures which are new or, at least, definite modifications of old ones. The 
diagnostic features of the teleosts essentially represent the ‘further expression 
of evolutionary tendencies seen at work in the lower ray-finned fishes ' (Romer). 

The characters that are lost are : spiracle, spiral valve, conus arteriosus 
(reduced to one, or at most two, rows of valves ; for this reduction the great 
enlargement of the bulbus arteriosus compensates). The swim-bladder (where 
retained) is essentially a hydrostatic organ but may be adapted to respiratory, 
or other functions such as sotmd production (p. 34 ^)- Ganoine disappears 
from the exoskeleton and scales. There are no longer fulcral scales on the fins. 
Gular bones, with very few exceptions where they are much reduced, have dis- 
appeared or, rather, have been replaced by branchiostegal rays (Fig. 304). 
Dermal bones tend more and more to sink beneath the skin, and to come into 
closer association with the endocranium than is the case with the more primitive 
palseonisdds and crossopterygians. The bones of the lower jaw are reduced 
to three elements only : the dentary, angular, and articular. The pectoral 
girdle has lost the clavicle. 

Of new or highly modified characters, the gills are now folly filamentar 
(p. 299), the tail is externally (and in many cases internally) homocercal, or 
even gephyrocercal ; but in a slight internal uptilting it still retains a hint of 
its heterocercal origin (p. 283). (In development too, it shows distinctly its 
origins from fishes with a heterocercal tail.) The endoskdeton has become 
almost wholly ossified. The skull, whidi shows an extreme range of variation 
in shape, nearly always has a single prevomer, and at the posterior dorsal 
surface a single supraocdpital bone. This element, sometimes stated to 
be formed by the fusion of the neural arches of some of the anterior vertebrae, 
is insignifi cant or absent in more primitive groups. Further drastic modifica- 
tions appear in the shift of upper crushing teeth (when presort) to the para- 
sphenoid; the corresponding lower ones are attached to dements of the 
pharyngeal floor. The vertebrae are amphicodous. There aneadditional 'ribs’ 
known as the intermuscular bones. In the paired fins the radials are reduced 
to a few brachial ossides, and the fin is completdy fan-like, and without any 
trace of an auds. The urinogenital organs have become highly spedalised in 
that both ovaries and testes have acquired new ducts. In t)^ male thoe is no 
longer any connecticm between the testis and mesoneffliros. In the female in 
some cases there is still an open-mouthed oviduct leading frmn the ccdom. 
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but usually the oviduct surrounds the ovar3% so that the ova pass directly 
down to be discharged without being shed into the coelom. 

The brain is highly specialised. The upper walls of the cerebrum are very 
thin. (The enlarged corpora striata on the ventral surface show through ^d 
give a false impression of cerebral hemispheres.) The mid- and hind-brains, 
Lwever. are often very large. There is a great development of the valvula 
cerebelli (Fig. 212), and the optic nerves cross over outside the brain without 
mixing (the absence of the so-called optic chiasma). 



Fig. 201.— Super-order Teleostei, Order Isospondyli, Family Salmonidtt. Sahno. Example 
from a ‘soft-rayed’ order. Brook Trout {S. trutta). a. 1. adipose lobe of pelvic fin: an, anus; c./. 
caudal fin; d, f. i. first dorsal fin; d, f. 2 , second dorsal or adipose fin; 1. I, lateral line; op. 
operculum*; pectoral fin; pv/f. pelvic fin; v.f. anal tin. (After Jardine.) 

Teleosts fall essentially into three groups, (i) generalised soft-rayed orders, 
(2) spiny-rayed and related forms, and (3) a loose assembly of intermediate 
orders. 

Soft-rayed orders: 

These include the Isospondyli (e. Salmo, trout (Fig, 201) ; Clupea, her- 
rings); Haplomi (freshwater fishes, e.g. Esox, pikes); Ostarioph}^! (= Cyprini- 
formes) (mostly freshwater fishes, c.g. Cyprinus,ca.vp&\ Serrasalmus, Piranha; 
Electrophorus, ‘electric-eels,' Clarias, catfish; Rhodeus, bitterlings) ; and 
Apodes (= Anguilliformes) {Anguilla, eels) are the best knowm. Additionally 
there are the marine orders Iniomi (e.g. Aulopiis, Australian Sergeant Baker), 
Miripinnati (a newly erected order, e.g. Miripinna), Giganturoidea (single 
genus Gigantua), and Lyomeri (of two families only, e.g. Saccopharynx). 

Intermediate orders: 

A group of orders, certain of which are sometimes placed in an ‘Order’ 
Mesichthyes, contains fishes that are distinct from the more primitive soft- 
rayed teleosts on the one hand, but have not attained the specialisation of the 
spiny-finned fishes on the other. These comprise the following: Heteromi 
(deep-sea oceanic fishes, e.g. Lipogenys); S}mentognathi (e.g. Exoctetus, 
flying-fishes, or Belone, garfishes) ; Salmopercae (three genera of North Amwican 
freshwater fishes, e.g. Percopsis); Microcypriiue (freshwater and marine 
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fishes, e.g. cjrprinodont Fundidus of North America), Solenichthyes (e.g. 
Hippocampus, sea-horses). Anacanthini (e.g. Gadus, cocb; Merluccius, Hake), 
and Allotiiognathi (e.g. Regakcus, Oar-fish). 

Spiny-rayed and aJUed orders: 

These comprise the following; marine Beiycomorphi (e.g. Treeichthodes, 
Australian Nanygai) and Zeomorphi (e.g. Zeus, John Dory), marine and fresh- 
water Percomorphi (e.g. Perea, perch; Cichlidae, e.g. TUapia (Fig. 202)) ; Scom- 
bridse, including tunny, mackerel, bonito; Sphjnraenidse, barracudas; Australian 



Fig. 202. — Super-Older TaleotM. Order PeraomotpU, Family OidilidaB. T/tepte; WtawiflB 
from a ^ipiiiy-iayw’ Otdw. Most members of the genus TUapia are mouth-brooders. For some 
days after hatching the young of T, mossambica still take refuge in the female buccal cavity in times 
of danger (p. 352). Redrawn from an F.A.O. photograph. (Some young have been eliminated for 
the sake of clarity.) 

Murray Cod, Mocctdhchella; marine and sometimes freshwater Gobiomorphi 
(e.g. Gobius, gobies); Scleroparei {e.g. Tiiglidx, gurnards; Synanceja, stone- 
fishes) ; Thoracostei (e.g. Gasterosteus, sticklebacks) ; the marine Hypostomides 
(toothless, bony-armoured Indo-Pacific fishes, e.g. P^asus, Acanthopegasus); 
Heterosomata (e.g. Psetta, turbot and brill; Solea, soles and other fiat-fi^es); 
the marine Discocephali (e.g. Echeneis and Remora, sucker-fiishes) ; the marine 
and fluviatile Plectognathi (e.g. Balistes, trigger-fish); the marine Malad- 
chthyes (single family (Costeidae)), Xenopterygii {e.g. Gobiesoddse, chng- 
fishes). Haplodoci (e.g. PoricMhys, toad-fishes) and Pedicalati (angler-fishes); 
the freshwater Opisthomi (of Africa, e.g. Mastacembelus, and southern Ana) ; 
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and the superficially eel-Iike marine and freshwater Synbranchii {e.g. land- 
going Atnphipnous). 

It should be remembered that not all systematists approve of the re- 
presentation set out above. 

EXAMPLE OF A TELEOST FISH.-THE BROOK OR BROWN TROUT 

(SALMO TRVTTA) 

The Brook Trout is common in the rivers and streams of Europe, and has 
been acclimatised in other parts of the world. It varies greatly in size 
according to its environment, but it may attain sexual maturity, and 
therefore be considered adult at a length of 18720 cm. In large lakes it 
may grow to nearly a metre in length. Other allied species such as the Salmon 
(S. solar), the Char {Salvdinus alpinns), the American Brook Trout (S. 
fontinalis), are common in the Northern Hemisphere and of course differ from S. 
tridia only in detail. 1 

External Characters. — The body (Fig. 201) is elongated, compressed, 
thickest in the middle and tapering both to the head and tail. The mouth 
is terminal and very large. The upper jaw is supported by two freely movable 
bones, the premaxilla (Fig. 205, p. 304) in front and the maxilla (max.) 
behind. Both bear sharp curved teeth arranged in a single row. When the 
mouth is opened a row of palatine teeth is seen internal and parallel to those of 
the maxilla, and in the mid-line of the roof of the mouth is a double row 
of vomerine teeth. The lower jaw is mainly supported by a dentary and 
bears a row of teeth. On the throat each ramus of the mandible is bounded 
mesially by a deep groove. The floor of the mouth is produced into a promi- 
nent tongue bearing a double row of teeth. In old males the apex of the 
lower jaw becomes curved upwards like a hook. 

The large eyes have no eyelids. The flat cornea is covered by a transparent 
layer of skin. A short distance in front of each of the eyes is the double 
nostril. Each olfactory sac has two external apertiwes, the anterior one 
provided with a flap-like valve. There is no external indication of the ear. 

On each side of the posterior region of the head is the operculum (Fig. 205, 
op,) or gill-cover, a large flap which, when raised, displays the gills. Between 
it and the flank is the large crescentic gill-opening from which the respiratorj 
current emerges. The operculum is not a mere fold of skin, as in Holocephali 
but is supported by three thin bones. The outlines of these can be seei 
through the skin. They are the opercular (Fig. 205, op.), sub-operetdar, an( 
inter-opercular (inter, op.)-, the last is attached to the angle of the mandible 
The pre-operetdar (pre. op.) is not an opercular support but is one of the cheek 
bones following the outline of the hyomandibular. The ventral portion of th 
operculum is produced into a thin membranous extension, the branchiostegt 
manbrane, which is supported by twdve flat, overlapping bones, the briMchi 
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ostegd rays. The narrow area on the ventral surface of the throat which 
separates the two gill-openings from one another is called the isthmus. The 
gUls, seen by lifting up the operculum, are four red comb-like organs, eadi 
having a double row of free gill-filaments. Alternating with the gUls are the 
five vertically elongated gill-slits which open into the pharynx. 

The Trout breathes by drawing water in through the mouth and passing it 
outwards over the gills. Inspiration is effected by moving the gill-covers out- 
ward and depressing the floor of the mouth. The internal volume is thereby 
increased and the pressure decreased. With the buccal cavity thus widened, 
water flows in through the open mouth, compensating for the changed pressure. 
The branchiostegal membrane then extends and closes the posterior opening into 
the brancliial chamber by filling the space between the free margin of the 
operculum and the body. This prevents any inflow of water from behind the 
head. This membrane is so arranged that water imder pressure can neverthe- 
less pass from the branchial chamber to the exterior. Expiration occurs when 
the gill-covers move inwards and the floor of the mouth is raised to force the 
water out of the branchial cavity and over the gills to the exterior. The 
action of a pair of transversely directed membranous folds, the respiratory 
valves, controls the direction of the respiratory current. One of these valves is 
attached to the roof, the other to the floor of the mouth. They can become 
expanded to block the passage when water presses on them from behind. 
Thus the water must pass over the gills (Fig. 73, p. 106). 

On the ventral surface of the body, at about two-thirds of the distance 
from the snout to the end of the tail, is the anus (Fig. 201, an.). Behind it is 
the urinogenital aperture leading into the urinogenital sinus. Into this both 
urinary and genital products are discharged. 

The region from the snout to the posterior edge of the operculum is the 
Jtead. The trunk extends from the operculum to the anus. The post-anal 
region is the tail. 

There are two dorsal Jins. The anterior dorsal (Fig. 201, d. f. j) is large 
and triangular, and is supported by thirteen bony fin-ra;^. The adipose 
dorsal {d. f. 2) is small and thick, and is devoid of bony supports : it is dis- 
tinguished as an adipose Jin, a structure that occurs in a very few families of 
teleosts. The caudal fin (c. J.) differs markedly from that of most Chondri- 
chthyes in being, as far as its external appearance is concerned, quite s}munetri- 
cal. It is supported by fin-rays which radiate regularly from the rounded end 
of the tail proper. Such outwardly S3munetrical tail-fins are called homocercal. 
There is a single large anal fin {v. f.) supported by eleven rays. The pectoral 
fin {pet. J.) has fourteen rays and is situated, in the normal position, close 
behind the gill-opening, but the^e/vtc fin (pv.J.) has shifted its position and lies 
some distance in front of the vent. It is supported by ten ra3rs, and has a 
small process or adipose lobe {a. 1 .) springing from its outer ec^e near the base 
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The body is covered by a soft, slimy skin through which, in the trunk and 
tail, the outlines of the scales can be seen. On the head and fins the skin is 
smooth and devoid of scales. A well-marked lateral line (/. /.) (p. 136) extends 
along each side from head to tail, and is continued into branching lines on the 
head. These run above and below each eye, along the lower jaw, and there is a 
well-marked line across the posterior aspect of the skull. The skin is grey 
above, shading into yellowish below. It is covered with minute black melano- 
phores which, on the sides and back, are aggregated to form round spots two or 
three millimetres in diameter. In young specimens orange-coloured spots also 
occur. 

Skin and Exoskeleton. — The epidermis is a squamous stratified epit]ielium 
and contains mucous glands and pigment cells (p. 82). Beneath the epi<iLeTmis, 
the scales (Fig. 224, p. 329) are lodged in pouches of the dermis. TheV have 
the form of flat, nearly circular plates of bone. There are no Haversian t^als, 
lacunae or canaliculi (p. 73). This bone is laid down in concentric rings Which 
represent the annual growth staiges. Such rings represent differential seasonal 
growth-rates. Growth is faster in spring and summer amd almost ceaises during 
winter. An examination of the scale-rings, or similar ones in the otoliths (p. 
317), reveals the age of a fish. The scales have an imbricating arrangement, 
overlapping one another from before backwards, like the tiles of a house, in such 
a way that a small three-sided portion of each scale comes to lie immediately 
beneath the epidermis, while the rest is hidden beneath the scales immediately 
anterior to it. It will be seen that such teleost scales are very distinct from 
the placoid scales of elasmobranch fishes which penetrate the epidermis and 
give rise to a ‘ shagreen ’ surface (p. 103). Besides the scales, the fin-rays belong 
to the exoskeleton, but will be considered below (pp. 307, 329). 

Endoskeleton. — ^The vertebral column shows a great advance in being 
thoroughly differentiated into distinct bony vertebrte. It is divisible into an 
anterior or trunk region and a posterior or caudal region, each containing about 
twenty-eight vertebrae. 

A typical trunk vertebra consists of a centrum (Fig. 203) (CN.) with deeply 
concave anterior and posterior faces, and perforated in the centre by a small 
hole. The edges of the centra are united by ligaments and the biconvex 
spaces between them are filled by the gelatinous remains of the notochord. 
Articulation between the arches is made by means of small bony processes, 
the zygapophyses (N. ZYG,, H. ZYG.). To the dorsal surface of the centrum 
is attached, by ligaments in the anterior vertebrae, by ankylosis or actual 
bony union in the posterior, a low neural arch (N. A.). This consists in 
the anterior vertebrae of distinct right and left moieties, and is continued 
above into a long, slender, double neural spine (N. SP.), directed upwards 
Md backwards. To the ventro-lateral region of the vertebra are attached by 
hgament a pair of long, slender pleural ribs (R.) with dilated heads. These 
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curve downwards and backwards between the musdes and the petitonetun, 
thus encircling the abdominal cavity. In the first two vertebrae they aure 
attached directly to the centrum. In the rest they are attached to diort down- 
wardly directed bones, the parapophyses (PA. PH.), immovably articulated by 
broaul surfaces to the centrum. At the junction of the neural arch and centrum 
are attached, also by fibrous union, a pair of delicate inter-muscular bones 
(IM. 6.). These extend outwards and back- 
wards in the fibrous septa between the myo- 
meres (p. 86). The first and second abdominal 
vertebrae bear no ribs. In the last three the 
neural spines {B, N. SP.) are single. 

In the caudal vertebrae the outgrourths 
corresponding to the parapophyses are fused 
with the centrum and unite in the middle 
ventral line, forming a fuemal arch (C, H. A.), 

Through this run the caudal artery and vein. 

In the first six caudals each haemal arch bears 
a pair of ribs (R.) ; in the rest the arch is pro- 
>duced downwards amd backwards into a htemod 
hpine (D. H. SP.). 

! The centra as well as the arches of the 
vertebrae are formed entirely from the skeleto- 
genous layer, and not from the sheath of the 
notochord as in elasmobranchs (pp. 231, 
and 90). 

The posterior end of the caudad region is 
curiously modified for the support of the tail- 
fin. The hindmost centra have their axes not 
horizontal, but deflected upwards and follow- 
ing the last undoubted centrum is a rod-like 
structure, the urostyle (Fig. 204). This terminal structure consists of the 
partly ossified end of the notochord, which has thus precisely the same up- 
ward flexure as in dogfishes. The neural and haemal spines of the laist five 
vertebrae are very broad amd closely connected with one another. They are 
more numerous tham the centra ; and three or four haemal aurches au’e attadied 
to the urostyle. In this way a firm verticad plate of bone is formed, to the edge 
of which the caudal fin-ra}^ au% attached famwise in a synunetrical mamner. 
It will be obvious, however, that this homocercal tail-fin is really quite ais 
asymmetric ais the heterocercal fin of dogfishes, since, as its morphological 
[ axis is constituted by the notochord, neau’ly the whole of its rays are, in 
strictness, ventrad. 

The skull (Fig. 205) is an extremely complex structure, composed of 



Fig. 203. — Salmo : Vntebtm. A. 
one of the anterior, and B, one of 
the posterior trunk vertebrae; C, one 
of the anterior, and D, one of the pos- 
terior caudal vertebrae. CN. cen- 
trum; IM. B. intermuscular bone; 
H. A. haemal atrch'; H. SP. haemal 
spine; H. ZYG. haemal zygapo- 
physis; N. A. neural arch; N. SP. 
neural spine; N. ZYG. neural 
zygapophysis; PA. PH. parapo- 
physis; R. pleural rib. 
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after Hollister.) 


The cYdniiim (Fig. 205) is a somewhat wedge-shaped structure, its apex 
being directed forwards. At first sight the distinction between replacing and 
investing bones is not obvious. After maceration or boiling, however, certain 
flat bones (the paired parietals, par., frontals, fron., and nasals, nas., and the 
unpaired dermethmoid, d. eth.) can be easily removed from the dorsal 
surface as well as two unpaired bones (the parasphenoid, par. sph., and 
vomer) from the ventral surface. The above are investing bones. They 
are simply attached to the cranium by fibrous tissue, and can readily be prised 
off when the latter is sufficiently softened by artificial means. We thus get 
a clear distinction between the cranium as a whole, or secondtary cramiuw 
(complicated by the presence' of investing bones), and the primary cranium, 
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neurocranium or chondrocrandum (left by the removal of these bones) which 
corresponds with the cranium of elasmobranchs. 

The chondocranium (Fig. 206, p. 307) contains the same regions as that of 
Scyliorhinus. Posteriorly the occipital region surround the foramen magnum. 
Below that aperture is a single concave occipital condyle (for the first vertebra) 
produced above into an occipital crest. The auditory capsules project outwards 
from the occipital region. Between them, on the dorsal surface of the skull, 
are paired oval fonianeUes (Fig. 206, Fo.). In the entire skull these are closed 
the frontal bones. The posterior region of the cranial floor is produced down- 
wards into paired longitudinal ridges, enclosing between them a groove which is 
converted into a canal by the apposition of the parasphenoid bone and serves 
for the origin of the eye-musdes. In front of the auditory region the cranium 
is excavated on each side by a large orbit. A vertical plate or interorbital 
septum separates the two cavities from one another. In front of the orbital 
region the cranium broadens out to form the olfactory capsules, each excavated 
by a deep pit for the olfactory sac. Anterior to these is a blunt snout or 
rostrum. The occipital region is formed as usual from the parachordals of the 
embryonic skull, the auditory region from the auditory capsules, and the rest 
of the cranium from the trabeculae. 

The replacing or endochondral bonw, formed as ossifications in the chondro- 
cranium, correspond in essentiads with the typical arramgement adready de- 
scribed (pp. 95-97). In the occipitad region are four bones. These are the 
basi-occipital, forming the greater part of the occipitad condyle aind the hinder 
region of the basis cranii or skull-floor ; the paured ex-occipitais {ex. oc.), placed 
one on each side of the foraunen maignum aind meeting both above and below it ; 
and the supra-occipital (s. oc.), forming the occipital crest already mentioned. 
Each auditory capsule is ossified by five bones — i.e. two more than the t3T)icad 
number (p. 96). These are i. the pro-otic {pr. ot.), in the anterior region of the 
capsule, uniting with its fellow of the opposite side in the floor of the brain- 
case, just in front of the baisi-occipitad ; 2. the opisthotic, in the posterior part of 
the capsule, external to the ex-occipital ; 3. the sphenotic {sph. ot.) (partly 
an investing bone), above the pro-otic and forming paut of the boundauy of 
the orbit; 4. the pterotic (pt. ot.) (also partly an investing bone), above the ex- 
occipitad and opisthotic, forming a distinct lateral ridge and produced behind 
into a prominent pterotic process', and 5. the epiotic {epi. ot.), a smadl bone, 
wedged in between the supra- and ex-occipitads aind pterotic, and produced 
into a short epiotic process. On the external face of the auditory capsule, 
at the junction of the pro-, sphen-, amd pter-otics, is an elongated faicet (Fig. 205, 
byo. m.). This is covered with cartilage and serves for the articulation of the 
hyomandibular. 

The trabecular region of the cranium contains six bones. Immediatdy in 
front of the conjoined pro-otics, forming the ainterior end of the basis cranii, 
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is a small unpaired Y-shaped bone, the basisphenoid. Above it, and formii^ 
the anterior parts of the side-walls of the brain-case, are the large paired 
pterosphenoids {alt. sph.). In the interorbital septum is a median vertical 
bone, representing fused orbitosphenoids (orb. sph.). Lastly, in the posterior 
region of each olfactory capsule, and forming part of the boundary of the 
orbit, is the lateral-ethmoid (ec. eth.), (not shown in Fig. 205). 

The investing bones already referred to are closely applied to the roof and 
floor of the chondrocranium. They modify its form considerably by projecting 
beyond the cartilaginous part, and by concealing apertures and cavities. The 
great frontals (fron.) cover the greater part of the roof of the skull, concealing 
the fontanelles, and furnishing roofs to the orbits. Immediately behind the 
frontals is a pair of very small parietals (Par.). In front of them is an unpaired 
dermethmoid (d. eth.). To the sides of this are attached a pair of small 
nasals. On the ventral surface is the large parasphenoid (par. sph.), which 
forms a kind of clamp to the whole cartilaginous skull-floor. In front of and 
below the parasphenoid is the toothed vomer. Encircling the orbit is a ring 
of scale-like bones, the circumorbitals (c. orb. ser.). 

In the jaws, as in the cranium, we can sec both primary and secondary 
structures. The primary upper jaw or palatoquadrate is homologous with the 
upper jaw of the dogfishes. However, instead of remaining cartilaginous, it is 
ossified by three replacing bones. The toothed palatine (pal.) is situated in 
front, articulating with the olfactory capsule. In the ‘pterygoid’ region the 
only replacing bone is the metapterygoid (met. ptg.) projecting upwards from 
the quadrate, but between the quadrate and the palatine are two investing 
bones, the ectopterygoid (ect. pt.) on the ventral, and the entopierygoid (en. ptg.) 
on the dorsal edge of the original cartilaginous bar. The quadrate (quad.), at the 
posterior end of the latter, furnishes a converse condyle for the articulation of 
the lower jaw. 

These bones, do not, however, enter into the gape, and so do not constitute 
the actual upi)er jaw of the adult fish ; external to them are two large investing 
bones, the premaxilla (pre. max.) and the maxilla (max.) , which together form 
the actual or secondary upper jaw. Both these bones bear many teeth. A 

phenotic; /ron. frontal; o/. sphcnotic; a/i. pterosphenoid ('alisphenoid'); par. parietal; 
hyo, m. hyomandibular; 5. oc. supraoccipital ; epLot, cpiotic; sc. b. scale bone (supratemporal) ; 
pt. ot. pterotic (supratemporal in tctrapods); p. temp, post-temporal; ex. oc. exoccipital; s. dei. 
supracleithrum ; pr«. op. preopercular; op. opercular; o/ri. cleithrum; pos^ c/. postcleithrum ; 
scapula: pect. pectoral fin; ptryg. pterygials; ventral or pelvic fin; pelvic girdle; oor. coracoid ; 
sub. op. subopercular ; inter, op. interopercular; inter, hy. interhyal; brnstg, branchiostegals ; 
^nei. ptg. metapterygoid; sympl. symplectic; en. ptg. entopterygoid (true pterygoid); epi. hy. 
epihyal; uro. hy. urohyal; quad, quadrate; ang. angular; cer. hy. ceratohyal; ect. pt. 
ectopterygoid (‘pterygoid*) ; art. articular; sur. ang. surangular; basi. hy. basihyal; max. maxilla; 
med. gul. median guiar; sup. max. supramaxilla; dent, dentary. 

The circumorbital series consists of lachrymal (i)» jugal (2), suborbitals (3-5) » dermosphenotic ( 6 ). 
postfrontal, supraorbital, and prefrontal. The opercular series consists of opercular, subopercular. 
interopercular, and branchiostegals. The vomer is not visible and the basioccipital is hidden by 
the opercul^ series. The alisphenoid is often called the pterosphenoid and the surangular is often 
called the supra-angular. (Modified after Gregory.) 
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small scale-like bone, the supramaxilla, is sometimes attached to the posterior 
end of the maxilla. 

The lower jaw is similarly modified. Articulating with the quadrate is a 
large bone, the articular (art.). This continued forwards by a narrow pointed 
rod of cartilage which is the unossified distal end of the primary lower jaw 
or Meckel’s cartilage. The articular bone is its ossified proximal end. There- 
fore this bone is a replacing bone. Ensheathing Meckel’s cartilage and form- 
ing the main part of the secondary lower jaw is a large toothed investing bone, 
the deruary (dent.). A small investing bone, the surangular (sur. ang.), is 
attached to the lower and hinder end of the articular. 

The connection of the upper jaw with the cranium ^ effected partly by 
the articulation of the palatine with the olfactory region, partly by meams of 
a suspensoriutn formed of two bones separated by a cartilaginous interval. 
The larger, usually called the hyofnandibular (hyo. m.), articulates with the 
auditory capsule by the facet already noticed. The small, pointed symplectic 
(sympl.) fits into a groove in the quadrate. Both bones are attached by fibrous 
tissue to the quadrate and metapterygoid (met. ptg.). In this way the suspen- 
sorium and palatoquadrate together form an inverted arch. This is freely 
articulated in front with the olfactory, and behind with the auditory capsule. 
The total result is an extremely mobile upper jaw. As its name implies, the 
hyomandibular (together with the symplectic) is commonly held to be the upper 
end of the hyoid arch and the homologue of the hyomandibular of Chon- 
drichthyes. However, there is some reason for thinking that it really belongs 
to the mandibular arch, and corresponds with the dorsal and posterior part of 
the triang[ular palatoquadrate of Holocephali. A perforation in the latter 
would convert it into an inverted arch having the same general relations as the 
upper jaw plus suspensorium of the Trout, but fused, instead of articulated, 
with the cranium at either extremity. 

The hyoid cornu is articulated to the cartilaginous interval between the 
hyomandibular and symplectic through the intermediation of a small rod-like 
bone, the interhyal (int. ’hy.), which is an ossification in a ligament. It is 
ossified by three bones: an epihyal (epi. hy.) above, then a large ceratohyal 
(cer. hy.), and below a small double hypohyal. The right and left hyoid bars 
are connected by a keystone-piece, the unpaired basihyal (basi-hy.). which 
supports the tongue. This bone is toothed in Salmo trutta. 

Connerted with the hyomandibular and hyoid cornu are certain inves ting 
bones serving for the support of the operculum. The opercular (Fig. 205, op.) is 
articulated with a backward process of the hyomandibular. 'The sub-oscular 
(^b. op.) Ues below and internal to the opercular. The inter-opercular (inter, op.) 
fits ^tween the lower portions of the three preceding bones, and is attached 
by hgament to the angle of the mandible. The sabre-shaped branchiostegal 
rays are attached along the posterior border of the epi- and cerato-hyal. 
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Twelve such rays occur in 5 . trvtta. Below the basih}^! is an unpaired bone, 
the urohyal (uro. hy.). 

There are five brandiial ardies, diminishing in size from before backwards. 
The first three present the same segments as in dogfishes: pharyngobranchial 
above, then epibranchid, then a large ceratobrmchid, and a small hypobranchid 
below (Fig. 206; and Fig. 158, p. 234). The right and left hypobranchials of 
each arch are connected by an unpaired basibranchid. All these segments are 
ossified by replacing bones. The basibranchials are connected with one 
another and with the basihyal by cartilage so as to form a median ventral 
bar in the floor of the pharynx. In the fourth arch the phaiyngobranchial is 



Fig.2o6.— Solmot Sknllof juvenile. Second week 
after hatching with investing bones removed. An, 
auditory capsule; Br. i, first branchial arch; Ch. 
notochord; C. Hy. hyoid cornu; Fo. fontanellc; 
G. Hy. basihyal; H. Hy. hypohyal; H. M. hyo- 
mandibular; i. Hy. interhyal; F, F, labial carti- 
lages; Meckel’s cartilage; A/. metapterygoid 
region of primary upper jaw; Pa. ch. parachordal; 
PL Pt. palatopterygoid region; Qn. quadrate region; 
S.Or. supraorbital region of cranium; Sy. symplectic 
region of suspensorium; T. Cr. cranial roof; Tr. 
trabecula; II, optic foramen; V, trigeminal foramen. 
(After Parker and Bettany.) 



Fig. 207.— soIhio: Dermal 
fln-ray and its sapporti. D. F. R. 

l^oximal part of dermal fin-ray 
minus distal tip; PTG. i, proxi- 
mal pterygiophore (interspinous 
bone) embedded in body muscle; 
PTG. 2, middle pterygiophore; 
ptg. 3, distal pterygiophore (carti- 
laginous.) 


unossified and the hypobranchial absent. The fifth arch is reduced to a 
single bone on each side. Small spine-like ossifications are attached in a 
single or double row along the inner aspect of each of the first four arches. 
These are the giU-rakers. They serve as a sieve to prevent the escape of food 
through the gill-slits and to protect the gill filaments. 

The comparison of this singularly complex skull with the comparatively 
simple one of a dogfish or sting-ray is made easier by the examination of the 
skull of a young trout or other bony fish. In the young salmon, for example, 
at about the second week after hatching, the only ossifications are a few in- 
vesting bones. When these are removed we get a purely cartilaginous skull 
(Fig. 206), exactly comparable with that of a shark or ray. The cranium is 
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devoid of replacing bones and divisible only into regi^ jaj » an 

Sossiiied lilatoqoadmte (P!. PI.. M. Pt.. Q«.). and tte Jo^ law a 

large Meckd s cartilage. The suspensorium is an undividrf hyomandibular 
{H M ) and the hyoid and branchial arches are unsegmented. 

The >5/ dorsal and the anal fins are supported each by a tiiide set of 
ptervgiophores, so that the fin-skeleton is multiserial, as in a dogfidi. The 
proximal series consists of slender bony rays— the interspinous bones (Fig. 207. 
^ PTG. i), lying in the median 

„ — — ^ plane, between the muscles of the 

right and left sides. These are 
more minterous than the myo- 
/ « meres of the regions in which 

occur. Their distal ends 
t are broadened, and with them 

//i \ are connected the second series 

/Vi * mscoR (PTG. 2) in the form of small 

i dice box-shaped bones. To these, 

' finally.areattachedsmallnodules 
of cartilage {ptg. 3) forming the 
third series of radials. The demnd 
>\^ fin-ray s, or lepidotrichia{D.F.R.), 

Irri' " which lie in the substance of the 

Fig. 20S. — saimo : Pectoral girdle and fin. Left, hn itself, are slender bones, 

from inner aspect. CJL. = cleithrum; COR. coracoid; anH mriQflv 

D.F.H. dermal fin-rays; MS. COK. mcsocoracoid ; tOgCtHer, and moSUy 

p.CL., F.CL.', postclavicles; PTG. i, proximal, and branched in the Sagittal plane. 

ptg. 2, distal pterygiophores ; P.TM. post-temporal; t- i*r j rj-a.* a •i.a 

s.CL. supraciavicie; scp. scapula. Each is formed of distinct right 

and left pieces, in close contact 
for the most part, but diverging below to form a forked and dilated end, which 
fits over one of the cartilaginous nodules {ptg. j). In the caudal fin (Fig. 204) 
the dermal rays are similarly seated on the broad haemal arches of the posterior 
caudal vertebrae. The second dorsal or adipose fin (p. 299) has, ais already 
noticed, no bony support. 


\ SCP/..- 

ULT/i. PTO I 


Fig. 2oS.Salnio : Pectoral girdle and fin. Left, 
from inner aspect. CL. = cleithrum ; COR. coracoid ; 
D.F.R. dermal fin-rays; MS. COK. mcsocoracoid; 
P.CL., P.CL.', postclavicles; PTG. i, proximal, and 
pig. 2, distal pterygiophores; P.TM. post- tern poral ; 
5 .C/.. supraciavicie; SCP. scapula. 


The shoulder-girdle (Fig. 208), like the skull, consists of a primary 
shoulder-girdle (homologous with that of a dogfish), and, in addition, several 
investing bones. The primary shoulder-girdle in the young fish is formed 
of distinct right and left bars of cartilage, which do not unite with one 
another ventrally. In the adult each bar is ossified by three bones. These are 
1. a scapula (SCP.), situated dorsally to the glenoid facets, and developed 
partly ^ a replacing, partly as an investing bone; 2. a coracoid (COR.), situated 
ventrally to the glenoid facet; and 3. a mcsocoracoid (MS. COR.), situated 
above the coracoid and anterior to the scapula. Externally to these is a very 
arge mvesting bone, the cleithrum (CL.). This extends downwards under the 
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throat. Its dorsal end is connected by means of a supra-davicU ( 5 . CL.) to a 
forked bone, the post-temporal (P.TM.), one branch of which articulates with 
the epiotic, the other with the pterotic process. To the inner surfeu^ of the 
cleithrum are attached two flat scales of bone (P. CL'.), with a slender rod-like 
post-clavicle (P. CL.) passing backwards and downwards among the muscles. 

The structure of the pectoral fin is very simple. Articulated to the posterior 
border of the scapula and coracoid are four dice box-shaped bones, the proximal 
pterygiophores or radials (PTG. i), followed by a row of small nodules of car- 
tilage' {ptg. 2) representing distal pterygiophores. The main body of the fin is 
supported by dermal fin rays. These resemble those of the mediam fins and 
have their forked ends articulated with the distal pterygio- 
phores. The first ray, however, is larger than the rest, and 
articulates directly with the scapula. 

There is no pelvic girdle, its place being taken by a 
large, flat, triangular bone, the basipterygium (Fig. 209, B. 

PTG.). This probably represents fused proximal pterygio- 
phores. To its posterior border are attached three partly 
ossified nodules, the distal pterygiophores (PTG.), and with 
these the dermal fin-rays are articulated. The adipose 
lobe of the pelvic fin is supported by a small scale-like 
bone. 

The muscles of the trunk and tail are arranged, as in 
sharks, in zigzag myomeres (p. 86). There are small 
muscles for the fins, and the head has a complex muscula- 
ture for the movement of the jaws, hyoid, operculum, and 
. . . , , t ^ Fig. 209.— SWmo: 

brancmai arches. Privie iln ud 

The ecslom is divisible into a large abdomen (Fig. 210) 
containing the chief viscera, and a small pericardial cavity Rinm; D. F. R. deraud 
(containing the heart) situated below the branchial arches, 

Alimentary Canal and Associated Structures. — ^The large 
mouth (Figs. 205 and 210) has numerous small, recurved, conical teeth, borne, as 
already mentioned, on the premaxillae, maxillae, padatines, prevomer, dentaries, 
and basihyal. They obviously serve chiefly to prevent the escape of the slippery 
animals used as food. The food — small arthropods and fishes — ^is swallowed 
whole with the assistance of an enzyme-free mucus. The pharynx {ph.) is 
perforated on each side by four vertically elongated gill-slits, fringed by the 
bony tooth-like gill-rakers. Each gill-slit is >-shaped, the epihyal being bent 
upon the ceratoh}ral so that the dorsal and ventrad moieties of the branchial 
arches touch one amother when the mouth is dosed. 

The larynx leads into a short cesophagtts {gul.) whidi ends in a Sfdiincter 
which probably prevents the entry of the respiratory water-current into the 
stomach. The U-shaped stomach {st.) consists of a wide cardiac, and a naurrow 
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pyloric, division. In the stomach true gastric digestion occurs. The entry 
from the pyloric division of the stomach to the anterior end of the intestine is 
guarded by a ring-shaped pyloric valve. The intestine passes at first forwards 
as the duodenum {du.), then becomes bent upon itself {int.) and passes back- 
wards, without convolution, to the anus {an.). Its posterior portion has the 
mucous membrane raised into prominent annular ridges which increase its 
absorptive surface but do not constitute a spiral valve such as occurs in elasmo- 
branchs. Opening into the duodenum are about forty blind glandular tubes, 
the pyloric caeca (py. c.). 

The liver {Ir.) is imperfectly divided into right and left lobes. There is a 
large gall-bladder (g. bl.). A diffuse and relatively inconspicuous pancreas 
occurs. This exhibits the compound structure and function remarked on in 
elasmobranchs (p. 239), producing both digestive enz3maes and the hormone 
insulin or its homologue. Attached by peritoneum to the fundus of the 
stomach occurs a large spleen (spl.), a capacious sac of blood-storage, and other 
functions that is functionally associated not with the alimentary canal, but with 
the blood- vascular system (p. 312). The stomach, duodenum, and pyloric 
caeca are surrounded by loose folds of peritoneum loaded with fat. No rectal 
gland occurs. 

L3dng between alimentary canal and kidneys, and extending the whole 
length of the abdominal cavity, is the swim-Uadder {a. bl.), a shiny thin-walled 
sac. This is essentially a hydrostatic oigan (p. 339). It contains air of high 
oxygen content. In the trout it is physostomatous (as opposed to physoclistous ) — 
it is ‘open'. Thus, anteriorly, its ventral wall has a small aperture leading, 
by a short, thin pneumatic duct (pn. d.), into the oesophagus on the dorsal side 
somewhat to the right of the middle line. 

Respiratory System. — ^There are four pairs of gills, each with a double row 
of branchial filaments, united proximally, but having their distal ends free : 
interbranchial septa are practically obsolete (Fig. 73, p. 106). The gills are 
borne on the first four branchial arches, the fifth arch bearing none. On 
the inner surface of the operculum is a comb-like body, the pseudobranckia, 
formed of a single row of branchial filaments, and representing either the 
vestigial gill (hemibranch) of the mandibular arch or the spiracular hemi- 
branch. For the course of the respiratory current, See Fig. 76, p. 106. 

Blood-vascular System. — Like that of the cartilaginous fishes, this consists 
of a 'single circulation’. The heart (Fig. 2x0) consists of sinus venosus, atrium 
{au.), and ventricle (v.). There is no conus arteriosus, but the proximal end of 
the ventral aorta is dilated to form a thin- walled, elastic bulbus arteriosus {h. a.), 
a structure which differs from a conus in being part of the aorta, and not the 
heart. Although itself not muscular, the teleost bulbus dilates and contracts 
as a response to the beat of the single ventricle, and by this means pressure 
through the short aorta to the gills is maintained. As in the elasmobranchs, 



ZOOLOGY 


3t2 

the heart action is regulated by a depressor nerve of vagal origin. There is no 
corresponding sympathetic innervation. 

In accordance with the atrophy of the hyoid gill, there is no afferent 
branchial artery to that arch, but a hyoidean artery springs from the ventral 
end of the first efferent branchial and passes to the pseudobranch (seep. 230), 
which thus only receives oxygenated blood. Despite its gill-like structure, the 
pseudobranch does not subserve any respiratory function. The right branch 
of the caudal vein is continued directly into the corresponding cardinal. The 
left breaks up in the kidney, forming a renal-portal system. There are no 
lateral veins, but the blood from the paired fins is returned to the cardinals. 
It will be seen that although the veins are wide, the elaborate S3^tem of venous 
sinuses seen in the elasmobranchs is lacking. The exact means — muscular or 
otherwise (p. no) — by which venous return is achieved are imperfectly kflown. 
The red blood cells are, as in other fishes, oval nucleated discs carrying thip red 
respiratory pigment haemoglobin (see, however, p. 343). \ 

In addition, nucleated reticulocytes and thrombocytes, as well as coarse ^d 
fine granuloc5des and various lymphocytes, occur. No white cell, however, 
appears to exhibit the characteristics of mammalian monocytes. Coarse 
granulocytes commonly escape from the blood-vessels and are observed in large 
numbers in the intestinal mucosa and submucosa, gill epithelia and peritoneum. 
Haematopoiesis occurs chiefly in bony fishes in the kidney intertubular tissue 
and in the spleen. In some teleosts {e.g. Roach) this activity may be confined 
to the kidney, and in others {e.g. Perch) to the spleen. In the trout both organs 
are involved. In the maturation of the teleost erythrocyte there is a progressive 
enlargement of the cell ; in birds and mammals its size decreases. 

Nervous System. — The brain (Fig. 211), though in general not unlike that 
of elasmobranchs, is very different in detail and is in many respects of a dis- 
tinctly more specialised type. The cereheUttm {HH.) is very large and bent 
upon itself. The optic lobes (MH.) are also of great size. There is experi- 
mental evidence that this highly developed mid-brain region is of great im- 
portance in connection with learning, association, and the performance of 
relatively complex acts of behaviour. The diencephalon is much reduced and, 
indeed, is indicated dorsally only as the place of origin of the pineal body 
{G.p.). Ventrally occur large bean-shaped lobi inferiores. The infundibulum 
between the lobi inferiores gives attachment to the pituitary gland (Hyp.). 
Hence, seen from above, the small undivided prosencephalon {VH.) comes 
immediately in front of the mid-brain. The original roof, an area equivalent 
to the pallium of other vertebrates, has grown laterally, stretching the mid- 
line into a non-nervous structure. Frequently olfactory bulbs are situated in 
close apposition with the fore-brain, without intervening olfactory tracts such 
as are present in Scylhrhinus, but they are nearly as large as the corpora striata. 
Each contains a cavity (rhinocoele) communicating with the undivided ven- 
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tricle of the fore-brain. Three transverse bands of fibres connect the right 
and left halves of the fore-brain, an anterior commissure joining the corpora 
striata, a posterior commissure situated just behind the origin of the pineal 



Fic. 21 1. — Salmo: Brain and cranial nervos. Dorsal {A), ventral (B), and lateral (C) views. 
BG,, Bas. G, corpora striata; ch. crossing of optic nerves; G. p. pineal body; HH, cerebellum; 
Hyp. pituitary body; Inf. infundibulum; L. ol. olfactory bulbs; ^spinal cord; MH. optic 

lobes; NH. medulla oblongata; Pall, non -nervous roof of prosencephalon {not equivalent to the 
pallium of other groups); Sv. saccus vasculosus; Tr. opt. optic tracts; UL. lobi inferiores; VH. 
prosencephalon; I — X, cerebral nerves; XU. i, first spinal (hypoglossal) nerve; 2, second spinal 
nerve. (After Wiedersheim.) 


body, and an inferior commissure in front of the infundibulum. The pineal 
body (G. p.) is rounded and placed at the end of a hollow stalk. No trace of 
any optic structure remains within. A shorter ofishoot of the roof of the 
diencephalon may perhaps represent a rudimentary pineal eye. There is 
VOL n u 
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considerable evidence of a direct photo-receptive function in the diencephalon 
of certain fishes (p. 345). Behind the pituitary body is a saccm vasculosus 
(s. V.). This organ, as we have seen, is one of the cerebral specialisations that 
is pronounced in both cartilaginous and bony Ashes. It may be a pressure 
receptor. The anterior part of the cerebellum (Hff.) does not bulge outwards 
in the way it docs in a dogfish. Instead, it pushes forwards under the roof 
of the mesencephalon to form the vedvula cerebelli (Fig. 212), which is charac- 
teristic of teleost fishes. The hinder part of the cerebellum bulges outwards in 
the usual manner. The optic nerves do not form a chiasma, but simply cross 
one another, or decussate (CA.), on leaving the brain, the right nerve going to 
the left, and the left nerve to the right eye. 



BnmMidsdJaceiitstrnetiBei. Median longitudinal section. >4a.aqueduc- 
twaSylvii; Bo, olfactory lobe; Cbl, cerebellum; C. c, canal of spinal cord; Cca. anterior com- 
missure; Ch, o. optic nerve; Ci, inferior commissure; Glp, pineal body; Hy. Hy\ hypophysis- 
/, infundibulum; Nol. olfactory nerve; Pa, roof of telencephalon; p, f. velum transversum- 
S, v, saccus vMculosus; Tl, torus longitudinalis (of the cerebeUum); Too, pia mater; ir. crossinc 
fibres of fourth ne^e; V, c. valvula cerebelli; V. cm. ventricle of telencephalon; V. q, fourth 
ventncle; Vt. third ventncle. (From Goodrich, after Rabl-Riickhard.) * ^ 


Autonomic Nervous System. — ^The autonomic nervous system is far more 
advanced than that of cartilaginous fishes, and is in some ways suggestive of 
the basic plan in tetrapods. It will be recalled that in elasmobranchs there is 
no S3unpathetic nervous system in the head. In teleosts paired S3anmetrical 
chains of sympathetic ganglia begin at the trigeminal levd (Fig. 211) and run 
backwards to the end of the tail. A ganglion is connected with eadi cranial 
dorsal root, but these receive, not the pre-ganglionic fibres from adjacent 
segments, but others which emerge with the ventral roots in the trunk 
re^orr, and therefore pass forwards in the sympathetic chain. The sym- 
P* ® “ connected with the mixed spinal nerves by rmmi eomtnuni- 

cantes. Young, who studied the autonomic nervous system of the Mediter- 
ranean Star-gazer {Uranoscopus). distinguished white and grey rami. (The 
a er o not occur in selachians.) Each ganglion recdves a white ramus 
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containing pre-ganglionic fibres from its spinal nerve and gives a grey ramus 
to the same nerve. The latter ramus carries post-ganglionic fibres, some of 
whidi are concerned with melanophore contraction. 

Although there is a highly organised vagal arrangement, there is no 
apparent sacral parasympathetic system (p. 119), nor have any antagonistic 
fibres been demonstrated in other cranial nerves, although stimulation of 
oculomotor nerve-fibres seems to cause an effect opposite to that controlled by 
S3anpathetic fibres. 

Apart from anatomical work there have been several ph3^iological inquiries 
(involving electrical and pharmacological stimulation) into the autonomic 
organisation of teleosts. It would seem that in these fishes there has been 
developed the relatively clear-cut, and essentially antagonistic, S5mipathetic 
and para-sympathetic s3rstems such as occur in the higher chordates (p. 119). 

Organs of Speeial Sense. — ^The olfactory receptors are paired olfactory pits, 
each of which opens to the external by means of two apertures. Water flows 
into the anterior aperture, which is provided by a valve, and leaves by the 
other. The water passes over a series of sensory folds equipped with chemo- 
receptory cells. In bony fishes, unlike the elasmobranchs, the water current 
is of purely olfactory significance. 

Another kind of chemoreceptor, the taste buds, is found in many parts of 
the body in various bony fishes. In Trigla, a gurnard, chemoreceptors, in- 
nervated by branches of spinal nerves, occur on their curiously modified 
pectoral fins, enabling the animal to test the bottom-mud and debris over 
which it slowly crawb. There is experimental and structural evidence that 
certain modem bony fishes {e.g. Minnow, Phoxinus) have taste-receptors 
located in their taib. The sense of touch is well-developed in bony fishes. 

The (Fig. 213) has a very flat cornea with which the globular lens is 
almost in contact, so that the anterior chamber of the eye is extremely small. 
Between the cartilaginous sclerotic and the vascular choroid is a silvery layer 
or argentea [arg.), which owes its colour to minute crystab in the celb of which 
it is composed. There are no choroid processes. In the posterior part of 
the eye, between the choroid and the argentea, b a thickened ring-shaped 
structure, the choroid gland. This surrounds the optic nerve. It b not gland- 
ular, but b a complex network of blood-vessels, or rete mirabile. It is supplied 
with blood by the efferent artery of the pseudobranch. Close to the entrance 
of the optic nerve a vascular fold of the choroid, Hdr feiciform process, pierces 
the retina, and is continued to the back of the lens. Here it ends in a muscular 
knob, the campanula HaUeri or retractor lentis. The falciform process with 
the campanula Halleri takes an important part in the process of accommoda- 
tion by which the eye becomes adapted to forming and receiving images of 
objects at various distances. Accommodation in the trout b effected, not 
by an alteration in the curvature of the lens, as in higher vertebrates, but by 
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changes in its position, by which it becomes more approximated towards, or 
further withdrawn from, the retina. In bringing about these changes of posi- 
tion the structures in question appear to play the principal part. In the trout, 
and indeed in most bony fishes, the pupil size appears to alter very little or 
not at all, but in others (as in the elasmobranchs) the iris is equipped with 
muscles and is capable of considerable adjustment in aperture. In some 
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lapiUus (of. 3), is placed in the utricuius close to the ampullae of the anterior 
and horizontal canals. The above-described apparatus apparently shows a 
great advance on that of selachians. Bony fishes undoubtedly hear with great 
discrimination, despite the absence of the organ of Corti (p. 146). It would 
seem that in bony fishes the pars inferior (of the labyrinth) as a whole is pro- 
bably the sound-receptor. In a relatively small bony fish it is not easy experi- 
mentally to assess the relative contributions of different auditory structures, 
but there is evidence that both lagena and sacculus are involved in normal 
performance. Destruction of either, however, still leaves considerable, 
though defective powers. There is some evidence, too, that in some fishes the 
utricuius plays a part in hearing, and it has 
been suggested that the air-bladder may 
be sometimes involved. Weberian ossicles, 
which are modified vertebral elements, 
connect the air-bladder with the auditory 
apparatus in some fishes (Ostariophysi). 

The lateral line system is very well shown 
in Salmo, and indeed it reaches its highest 
development in actinopterygians. Each 
individual sensory organ lies in a pit. 

Pores communicate with the surrounding 
water. The pits are linked by canals and 
are innervated by the lateral line branch of 
the vagus. The head, including the lower 
jaw, is invested with shorter lines (p. 136). 

A considerable amount of experimental 
evidence suggests that a primary function 
of the lateral line system is to gauge 
pressure-waves, and so no doubt apprise 
the fish of the presence of other individuals (see p. 346). 

Osmoregulation and Excretion. — ^Many teleosts, including trout, can live in 
either marine or fresh water. There is much evidence that suggests that bony 
fishes were originally fresh-water animals. Certainly the amount of inorganic 
salts in the body-fluids of living forms is far less than that in the sea. The 
ability to change from salt to fresh, or even merely to a brackish-water habitat, 
imposes the necessity for physiological barriers to maintain the integrity of a 
fish’s internal environment. We have already noted the presence of a largely 
non- vascular skin, mucous glands which secrete protective slime (p. 82), and 
a well-developed oesophageal sphincter which keeps the external medium 
away from the stomach and highly absorptive surface of the gut. The 
kidney tubules are equipped with a selective apparatus on the general craniate 
pattern (p. 157) which allows the reabsorption of body-salts essential for 
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Fig. 214. — Ratmo: Audio-^uilibra- 
tion. Right organs from inner side. The 
otoliths are shown separately below, 
a. s. c. anterior semi>circular canal ; and. 
nv. auditory nerve; h. s. c. horizontal 
canal; oi. i — 3, otoliths; s. c. posterior 
canal; sac. sacculus; ut. utricuius. 
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osmo-regulation. Nitrogenous metabolites are excreted laiigdy as ammonia 
{ammonotdic mechanism), though some urea is formed and discharged. Much 
of the nitrogenous excretion of aquatic teleosts probably occurs through the 

gills. 

Marine fishes, on the other hand, must keep their body-fluids at the appro- 
priate concentration by swallowing sea-water (including that in their food), by 
the reabsorption and retention of fluid via the tubules, and by the elimination 

of salts by means of the gills, urine, and faeces. 
Glomeruli are fewer or may be entirely absent in some 
species (see p. 347). This reduces the loss of fluid. 
Marine teleosts, as with freshwater forms, still excrete 
quantities of ammonia, some urea; and many rid 
themselves of nitrogenous waste in the form of soluble, 
non-toxic trimethylamine oxide (see also p.\253). 
Here too an additional excretory mechanism i^ pre- 
sent in the gills whereby chloride-secreting cells dis- 
pose of excess salts which are inevitably absorbed 
from the surrounding medium. Hoar has shown that 
immature salmon (Oncorhynchus) go to sea only after 
the development of salt-secreting cells in their gills. 

The kidneys (Fig. 210, kd., and Fig. 215, jR) are of 
great size, extending the whole length of the dorsal 
wall of the abdomen, above the air-bladder, and partly 
fused together in the middle line. They are derived 
from the mesonephros of the embryo. Their anterior 
ends are much dilated and consist in the adult of 
riRhtrwdneyT^'ftoth^^^^^ lymphatic tissue, thus ceasing to discharge a renal 

degenerate antenor portiem function. The mesonephric ducts lur.) unite into a 

of kidney; rr. efferent renal . , , , . ... , , . 

vein; $. subclavian vein; u. Single tube, which IS dilated to form a urtnary madder 

bUddTr“°'(Afte"Gegc“nteur'!) ^10, «. bl.. Fig. 215, ».), and discharges into the 

urinogenital sinus. This, being mesodermal in origin, 
is not homologous with the endodermal bladder of higher forms. 

Endoeiine organs.— See p. 346. 

Reproduction. — The gonads are of great size in the sexually mature fish. The 
testes (Fig. 210, ts.) are paired, often convoluted, organs, sometimes extending the 
whole length of the abdominal cavitj'. These are the ‘soft roes’ of commerce. 
Each is continued posteriorly into a genital duct {v. df.) which opens into the 
urinogenital sinus. The homology of this with the ducts of the primitive 
nephridial S5rstem is uncertain. The spermatozoa are shed into the external 
medium. The ovaries — the ‘hard roes’ — also run the full length of the ab- 
dominal cavity. They are much wider than the testes and are covered, with 
peritoneum only on their inner or mesial faces. The numerous ova, which are 
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about 4 mm. m diameter, are discharged when ripe from their outer faces into 
the ccelom. The anterior wall of the urinogenital sinus is pierced by a pair of 


getiiim pores through which the ova make 
their way to the exterior where fertilisa- 
tion occurs. It seems probable that these 
pores are degenerate oviducts and there- 
fore in no way homologous with the 
abdominal pores of the Chondrichthyes 
(p. 230). 

Development.— Fertilisation is ex- 
ternal. The male sheds its milt or semi- 
nal fluid on the new-laid eggs. The 
ovum is covered by a thick membrane, 
the zona radiata. This is perforated by 
an aperture, the micropyle, through 
which a sperm finds access. A superficial 
layer of protoplasm surrounds a mass of 
transparent fluid yolk of a pale yellow 
colour. After fertilisation the proto- 
plasm accumulates to form an elevated 
area or germinal disc at one pole. Here 
cleavage takes place (Fig. 216, A, B) in 
much the same way as in Chondrich- 
thyes, except that, owing to the smaller 
proportion of yolk, the resulting blasto- 
derm (W.) and the embryo formed there- 
from are proportionally much larger, 
and the yolk-sac (y. s.) correspondingly 
smaller, than in the two previous classes. 
Epiboly takes place as in Chondrich- 




FTg. 216. — Sotmo: Derdcpawnt. A — H, 
before hatching; /, shortly after hatching. bL 
blastoderm; emb. embryo; r. thickened edge 
of blastoderm; y. s. yolk-sac. {A — G after 
Henneguy.) 


thyes, the blastoderm gradually growing round and enclosing the yolk (C-F). 


The embryo (emb.) arises as an elevation growing forwards from the thickened 



Fig. 217.— SofmorOmlopinait. Blasto- 

derm (in longitudinal section) at about the 
stage represented in D of Fig. 2x6. ec, 
ectoderm; en -i- ms. infolding giving rise to 
endoderm and mesoderm. (After Hertwig.) 


edge of the blastoderm. As it increases in length it appears as a dear colourless 
band (H, emb.) winding round the yellow yolk. It is kept in dose contact with 
the ydk by the endosing zona 'radiata. There is no open medullary groove : 
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the nervous system is formed, as in lampreys, from a fold of ectodenn the 
walls of which are in apposition so as to form a keel-like ridge. The endoderm 
and mesoderm are formed as a result of a process of infoldmg of the posterioi 
edge of the btetoderm (Fig. 217 ). Gradually the h^d aud tarl ^e free 
L volk. At the time of hatching, the yolk-eac (/. rs a sho.sshaped 
upon the ventml aurface of the transpamnt emtnyo. 


general organisation of actinopterygians 
E xternBi Form. — Teleosts never reach the great bulk attained by many of 
the cartilaginous sharks and rays. They range in size from a tiny Philippine 
goby (Mistichthys luzonensis), about half an inch Jong, to the spear-fishes (see 
below) and the freshwater South American Arapaima gigas, which is skid to 
attain a length of 15 feet and a weight of about 400 lb. On the other hand, the 
chondrostoan Huso huso grows much bigger (p. 283). \ 

A typical form of the bony fishes is represented by that of the Trout I^Fig. 

201) a long, compressed body, nearly one third of which is formed by\the 

tail, pointed anterior and posterior ends, a large vertical tail-fin, a head of 
moderate size, £md a terminal mouth. Such a form is eminently fitted for 
rapid progression through the water. The speed of fishes, incidentally (as of 
most other animals, pp. 521, 559), is generally exaggerated. A goldfish’s 
maximum speed seems to be about 3-8 m.p.h. and that of a trout 8‘5 m.p.h. 
Salmon generally climb waterfalls by swimming up a more or less continuous 
stream of water, but they can in fact leap about 6 feet high and 12 feet forward 
and probably leave the water with a velocity of about 14 m.p.h. A barracuda 
can travel at some 27 m.p.h. (Gray). From the characteristic fish-form 
described above there arc many striking deviations. The body may be greatly 
elongated and almost cylindrical, eis in the eels, it may be lengthened and 
strongly flattened from side to side, as in the ribbon-fishes. The head may be of 
immense projKirtional size and strongly depresssed, as in bottom-living fishes, 
like the ‘Fishing-frog’. In the beautiful reef-fishes the body may be as high 
as it is long. The mouth sometimes has a ventral position, as in most chond- 
rostei, with the snout prolonged over it. This is the case, for example, in the 
sturgeons (Fig. 193). In the allied Polyodon the snout takes the form of a 
horizontally flattened shovel-like structure, about one-fourth the length of the 
body. On the other hand, in the ground-feeding star-gazers and some other 
spiny-rayed fishes the lower jaw is underhung and the mouth is dorsal. 

In the spear-, sword-, and sail-fishes (Istiophoridae) the snout and upper jaw 
are forwardly prolonged into a sharp rostrum or beak. The British Museum 
possesses a fragment of ship’s planking through which a transfixing ‘spear’ has 
been thrust for a distance of 22 inches. Spear-fishes {Telrapturus) grow to a 
len^h of more than 14 feet and may weigh over 1,000 lb. Sword-fishes 
(Xiphias) may be even bigger. Sail-fishes (Isiiophorus) grow to about 12 feet 
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long: and their fin-rays support a tall, sail-like dorsal fin. In the tropical 
half-beaks (Hemirhamphidae) the lower jaw projects and in the garfishes and 
garpikes both elements do so. Such a projection is different from the snout 
of sturgeons or Polyodon, for it is formed by the elongation of the bones of the 
jaws (premaxilla, maxilla, dentary, etc.% whereas in the above two chondro- 
stcan forms it is the anterior region of the cranium which is prolonged. Still 
another form of ‘ snout ’ is produced in many Teleostei by the great mobility of 
the jaws, allowing their protrusion as a short tube. In the wrasses or ‘lip- 
fishes ' the mouth is bounded by fleshy lips. 

The bony fishes show many other interesting examples of structural and 
physiological adaptation to their various environments. The results of this 
adaptation can be viewed from two aspects. One result is to bring about a 
resemblance between animals of different phyletic origin that have taken up 
similar environments, a condition known as convergent adaptation. The other 
aspect, known as divergent adaptation, is when related animals have entered 
different environments and have come to differ superficially from one another, 
sometimes to a surprising degree. 

An illustration of convergent evolution is the superficial resemblance be- 
tween the extinct holostcan Thoracopterus and the telcost 'flying .Exoccetus. 
By inference from its anatomj' and morphology, Thoracopterus was a ‘ flying- 
fish’. Both this species and the living Exocoetus show in their exaggerated, 
wing-like pectoral fins and hypobatic tails, a striking similarity in general body 
form, while retaining, of course, the deeper-seated, fundamental osteological 
differences of their respective classes. Further examples of convergent 
evolutionary trends towards the ‘flying’ habit are found in two unrelated 
teleost genera, Gasteropelecus, a South American ostariophysian. and Panlodon, 
an African isospondylid. Here again the species e.xhibit hypertrophy of the 
pectoral fins, although the body-form of the two genera is different. Neither 
Gasteropelecus nor Panlodon can be considered such efficient gliders as Exocoetus, 
but both can skitter across the surface of the water for fairly considerable 
distances. Many fishes of very different families, or even classes, have acquired 
similar body-forms adapted to particular needs, such, for example, as the deep 
laterally compressed body shown by Microdon, an Upper Jurassic holostean, by 
the extant teleosts Psettus seba and Pterophyllum (the ‘Angel-fish’) amongst 
many others. 

The teleosts, taken as a whole, in themselves afford an example of adaptive 
radiation. While retaining their well-defined and diagnostic characters, they 
have assumed an almost infinite variety of shape and construction in accordance 
with the many different environments into which they have migrated. Thus 
we may mention such forms as the flat-fishes, eels, pipe-fishes, porcupine- 
fishes, sun-fishes, the curious sea-horses, and so on, a small selection out of a 
vast range. On the other hand, the Ceratioidea (‘angler-fishes'), give a good 
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example of adaptive ndiatim overMsamOmi^ ofsinetm, aod ^thin i, 
limits of a single group fp. 234). Here can te obsermi ibe evolution of thl 
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tentacle on the head in a diversified manner m vanous memtes of a /amii 

which otherwise retain a general resemblance to one another. 

Tis possible that no class of animals exhibit a greater v^efy of peculiar 
It is possiD Almost anvwhere we look— externally 

adaptations than biaan* or othmj 

or internally ^we will see snaWai mode of life and environmental 

tvmarkable structural response to some special mooe 

niche. Notable among these are various devices ass^afed with the eyes. For 
example, in AnabUps tetropHhalmus (Fig. 2x8). the 'Four-eyed Fish , each eye 
is divided into an upper and lower section for vision above and below fvater 
respectively. In Periophthalmus. the mud-skippers, or telescope-gobies, the 
bulbous, independently moving eyes project above the surface of the hea^. 



Fig. 2 1 8 . — ^Teleoitd: Optic adaptation. Anableps Utrophthalmus, a central and northern 
South American cyprinodont, is often called the * Four-eyed Fish*. All three such ‘top minnow' 
species possess two pupils in each eye. The upper (aerial) pupil is the larger and is generally out 
of the water. The lower (aquatic) pupil allows the animal to use the single ovoid lens to look 
under water. The retina is correspondingly modified. (From Cambridge Natural History.) 


Tactile processes or barbels sometimes arise from the head (Figs. 193. 232). 
An operculum (Fig. 205) is alwajrs present. This is supported by a variable 
num^r of investing bones and is continued below into a branchiostegal mem- 
brane, which, except in Crossopterygii (p. 353) and the sturgeons, is supported 
by bony ra}^. In Polypterus a pair of bony gtdar plates (Fig. 196, B, jug. 
pi., p. 209) are placed at the lower end of the branchiostegal membrane, 
between the raxni of the mandible. Amia has a single plate in the same posi- 
tion. Spiracles are present only in Polypterus and some stiurgeons. 

Fins exhibit many modifications. This has been made possible because 
fishes equipped with a hydrostatic organ (the swim-bladder) can latgdy dis- 
pense with the more elaborate stabilising appendages (such as occur in the 
elasmobranchs) and so free the fins to subserve other functions. ' Concomitant 
with the loss of the heteiocercal tail in evolution', Harris has explained, ‘ occurs 
a rapid and tremendous adaptive radiation of the pectoral fin in form and 
function.' 

A common number of median fins is two dorsals, one caudal, and one 
anal, but the number of the dorsals may be increased, or there is sometimes 
a continuous median fin extending along the back and round the end of the tail 
to the vent. The dorsal fin may be partly or wholly represented by a series of 
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finlets (Flit* ^9®)* The caudal fin may be diphycercal, hctcrocercai, or 
homocercal. In the sea-horses (Fig. 219) it is absent. In these, the tail is 
prehensile, and is used in the position of rest to coil, in the vertical plane, round 
seaweeds among which the grotesque form of the fish is very difficult to dis- 
tinguish, Oth6r fishes have exaggerated appendages which serve as camouflage. 
One such is the South American Angel-fish (Pteyophylhim), the coloured stream- 
ing filaments of which enable harmonious merging with surrounding water- 
weeds. The brilliant reef-haunting so-called Butterfly-' cod' (PUrois) of the 
wanner parts of the Pacific and Indian Oceans have colourful and greatly 



B 



Fig. 219.— Tttaoitei: ExqMMmI and xopKO- 
dnolire adaptotiong. In this sea-horse (Hippos 
campus) there have been developed a beak-like 
rostrum, a prehensile tail, and an extensive brood- 
pouch (see p. 351). In B, the operculum has been 
removed to show the gills, hr. ap. branchial 
aperture; hrd, p, brood -pouch; d, f, dorsal fin; g. 
gills; pet, pectoral fins. (After Claus and Gunther.) 


lengthened fins and a head beset with tassel-like appendages of several vivid 
colours (p. 344). These trail through the water as the fish moves slowly along. 
The fin-membranes do not cover the spines, which are capable of producing a 
stinging woimd. When approaching its victim, Pterois drifts almost imper- 
ceptibly forwards with its long fin-rays waving to and fro. There is evidence 
that instead of trying to escape, smaller fishes sometimes actually swim to- 
wards the predator, and are then engulfed with a single action of remarkable 
rapidity. 

The dermal rays of the caudal fins of fishes are always jointed, as in the Trout. 
In the acanthopterygians more or fewer of the foremost rays of the dorsal, anal, 
and pelvic fins are unjointed, forming spines (Fig. 202, p. 297), sometimes 
large and strong enough to recall the dermal defences of Holocephali. 

The anterior dorsal fin may attain an immense size, and is subject to curious 
variations. In the racquet-shaped Fishing-frog, Wide-gab, Allmouth, or 
Angler {Lophius piscatoritts) the foremost rays are elongated, and bear lobes or 
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lures by which small fishes are attracted within reach of the jaws. The Angler 
gets some of its names from the inordinately wide, frog-like gape at the extreme 
anterior aspect of its flattened body. The outline of the lurking fish is partly 
obliterated by a series of stumpy dermal appendages. The pale buccal cavity 
is camouflaged by a remarkable fold of pigmented skin on the lower jaw. 




/ 





Fig. 220. -Teleostei: Bioluminesoence and angling mechanismg in deep-sea forms. Angler- 
Ashes (Ceratioidea). The larger (nearly ig inches long) has been referred to as Galatheathaiima 
axeli, the biggest angler yet caught. It is highly unusual in possessing a large light organ sus- 
pended inside its jaws. The jaws are fringed with powerful stabbing and holding teeth. 

The smaller animal is Lasiognathus saccosioma. The elongated rod is possessed only by females, 
which (in many species) carry the dwarf males attached to them (p. 350), at least during the 
breeding season. Some anglers are only A inch long. Many can swallow prey bigger than them- 
selves. i\ote~ -The two animals shown above do not necessarily occur in the same environment. 
(Redrawn after Bruun, N.B. Marshall.) 

The Angler, aided by its weird specialisations, lies perfectly camouflaged and 
motionless (except for the slowly-moving lure on its 'line’) among- weeds or 
rock fragments. The Angler has a formidable armoury of teeth and is able to 
engulf fishes, including small sharks, about half its own length. It also catches 
surface-feeding gulls and other laige birds. 

Some Angler-fishes (Ceratioidea, Fig. 220) have evolved a luminous lure on 
a sometimes extensible rod and line that is probably the modification of a fin- 
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ray. The luminous organ is attached to the end of an illidum — ^the rod — 
which has a supporting basal bone and a musculature that raises and lowers it 
and the terminal light. The rod is usually short, but in a few species it may be 
several times longer than the fish that bears it. In some species (e.g. Ceratias 
holbcelli) the basal bone, ensheathed in anterior and posterior sockets of tissue, 
is mobile along a groove extending dorsally along head and body. Moved by a 
special musctilature the basal bone and its lure can be projected back and forth. 
Bertelsen believes it possible that by such means prey may be lured into the 
fish’s cavernous jaws. In the recently described Galatheathauma the forked 
luminous lure is dorsally situated inside the animal's gaping jaws. 

In the remoras or sucking-fishes (Echeneis and other genera) the anterior 
dorsal fin is modified into an adhesive vacuum disk by means of which the fish 
attaches itself to the bodies of sharks, rays, sword-fishes, large bony fishes, 
turtles, whales, or even boats. Although good swimmers, remoras allow them- 
selves to be carried for long distances, periodically leaving their chosen vehicle 
in order to capture smaller fishes. A remora is able to withstand the efforts of 
the host-fish to dislodge and devour it. The sucker of large species can resist a 
vertical pull of some 40 lb. The natives of some areas tie a line to a remora and 
then liberate it. When it attaches itself to a turtle they haul both animals to 
the boat. Occasionally small remoras have been found sheltering within the 
gills, or even in the buccal cavity of other fishes. An African remora has been 
seen to follow a man into the shallows in an attempt to fasten itself to his person. 

Certain gobies, living in rock-pools from which they might be easily washed, 
have their pelvic fins modified into a suctorial apparatus. Periophthalmus 
can skip or waddle rapidly over sand and mud above the tide-mark by means 
of its pectoral fins, which, operated by a special musculature, act as levers and 
enable the fish to move at considerable speed. Its respiratory system is also 
remarkably modified (p. 339). Certain gurnards (Triglidae) 'walk' along the 
sea-floor by means of elongated, innervated terminations to their pectoral fins 
which are probably also organs of sjjecial sense. In very calm and shallow 
waters gurnard tracks can be followed as easily sis those of a tortoise on a beach. 

The Austrsdian hand-fishes (Brachionichthyidae), related to the angler- 
fishes, exhibit remarkable specialisations in the ssime direction. These may 
occas ion ally startle novice fishermen by ‘walking’ sdong a trawler’s deck on 
their superficially hand- or leg-like fins. These fishes retain the dorso-frontal 
‘ angler ’ appendage and, in addition (as Gregory has pointed out) , have modified 
the large and continuous pectoral fin (such as occurs in modem batrachoids or 
frog-fishes) into paired and jointed appendages upon which they progress across 
the sea-floor. The remarkable wing-like expansions of the pectoral fins in 
flying-fishes have already been noted. Some species, in favourable air-currents, 
can skim for several hundred yards over the wave-crests when menaced by 
larger hunting fishes. 
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In bony fishes the portion of the paired fins visible externally is usually very 
thin, and supported entirely by dermal rays. But in the chondrostean Poly- 
pterus (Fig. 196. p. 290) the rays form a fringe round a thick basal lobe, which 
is supported by endoskeletal structures. This condition is an approach to 
the structure met with in elasmobranchs and holocephalans. The pectorals, 
as we have seen, vary considerably in size. In many fishes the pelvics are 
reduced to filaments or scales. The x>ectoraIs always retain their normal 
position, just behind the gill-defts, but the pelvics often become more or less 
shifted forwards from beside the vent. The change in position is least in the 
palseoniscoid derivatives * and in the Isospondyli and allied orders (p. 296), in 



Fig. 221. — Teleoatei: Moiphogenetie adaptation to bottom-living. 'Flat-fishes’ (Order Hetero- 
somata) have the sighted upper surface obliteratively pigmented with chromatophores and 
the lower surface usually pallid. Larvae at first swim near the surface and possess bilaterally 
placed eyes. Soon an area of cranial cartilage (supraorbital bar) is resorbed on one side and the 
adjacent eye migrates through a gap between the lateral ethmoid and the otic capsule over the 
dorsal surface to the opposite supraorbital bar. both eyes taking up the positions shown. Ossifica- 
tion now occurs. Other striking modifications occur. The animal surveys the sandy bottom 
by raising its eyes slightly and moving them independently. The species shown is Glypiocephahis 
cynoglossus (from right side), d. f. dorsal fin; /. e. left eye; pet, /. pectoral fin; pv. /. pelvic fin; 
r. e, right eye; v. f. ventral fin. (After Cuvier.) 


which these fins usually lie between the middle of the abdomen and the anus, 
and are abdominal in position. In a large proportion of the fishes in the remain- 
ing teleost orders they come to be placed almost beneath the pectorals (Fig. 
201, pv. /.), when their position is called thoracic, or on the throat, when they 
are said to be jugular in position. 

A very remarkable deviation from the typical form occurs in the flat-fishes 
(Heterosomata). The body (Fig. 221) is very deep and strongly compressed : 
the fish habitually rests on the bottom, in some species on the right, in others 
on the left side, partly covering itself with sand, and occasionally swimming 
with an undulating movement. The under side is usually unpigmented, the 


term dmvatwe wiU be used in place of the aicbaic and misleading 

crSSoD^viia;. ^ wroMabered. of course, that all extant bony fishes (excluding 

crossopterygjans. p. 353) are probably ultimately derived from the Paheonisc^dea (p. 285). 


PHYLUM CHORDATA 


327 


upper side dark and camouflaged. The eyes (r. e., 1 . e.) are both on the upper 
or dark-coloured side, and the skull is distorted so as to adapt the orbits to this 
change of position. The abdominal cavity is very small, the anus placed far 
forward, and the dorsal and anal fins are sometimes continuous. 

Many shore-fishes exhibit protective characters, the tints and markings of 
the skin being harmonised with those of the rocks and sea-weeds, among which 
they live. The obliterative effect may be heightened by fringes and lobes of 
skin resembling seaweed. The colours are often adaptable. Trout, for in- 
stance, alter colour by the contraction or expansion of melanophores, according 
to whether the streams in which they live have a muddy or a sandy bottom. 
Teleost melanophores are innervated. Contraction of the pigment within the 
melanophores causes a paling of the skin. A body of experimental evidence 
suggests that darkening is caused by a secretion, from the posterior pituitary 
gland. The precise mechcinism by which the internal neurohormonal mechan- 
ism is controlled by the environment is not understood (see however, p. 345). 

In some shore-fishes, such as those of the coral reefs, the colours are of the 
most brilliant description. Vivid reds, blues, and yellows, spots or stripes of 
gold or silver, are common. It seems likely that the combination of colours 
produce a disruptive or obliterative effect and thus, although some fish adorn- 
ments have threat or recognitional functions, it is by no means certain that 
coloured adornments appear to them as they do to higher vertebrates. But 
even if certain fishes do not appreciate colour as such, protection may still be 
gained if it produces an obliterative pattern. However, the female response to 
the seasonal appearance of a patch of bright red on the belly of the male Stickle- 
back certainly suggests that, in some teleosts, at least one colour registers in a 
very positive manner. 

In addition to chromatophores, fishes possess a second colour-producing 
apparatus — ^the iridocytes or reflecting cells. These cells, which contain 
guanin crystals, occur either immediatdy above or below the scales. Below 
the scales they are responsible for the silvery or white argenteum layer. When 
above the scales they alter light by interference and give rise to a characteristic 
iridescence. Some colours are produced by the combination of iridocj^es and 
chromatophores. 

Many deep-sea Teleostei are luminescent. In some species definite luminoHs 
organs (Fig. 222) are arranged in longitudinal rows along the body, each pro- 
vided with a lens and other accessory parts, not unlike those of the eye, the 
whole organ havii^ the character of a minute lantern. Pachystomias has a pair 
of idatively complex luminescent organs under eadr eye. An arrangement 
such as this occurs in several forms, giving the impression of a small searchlight. 
The Hatchet-fish {Argyropelecus) presents a dazzling spectacle, with much of its 
lateral surfaces illuminated by light from rows of photo-organs. The appear- 
ance of light can be stimulated by adrenalin injections, electric shoda, or other 
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interference. Some fishes depend for the production of light on the presence of 
photogenic symbiotic bacteria in specialised areas. Most deep-sea angler- 
fishes possess luminescent lures (p. 314). There is some evidence that the 
luminous chin-barbels (Fig. 223) of some of the stomiatoid fishes are not only 
lures, but are also sensory — that by their means fishes may detect the precise 



Fig. 222. — Teleoatei; Biolniid- 
nescenee in deep-sea fonns. A 

hatchet-fish {Argyropelecus gigas) 
with lig^ht organs shown in white. 
Although only 3J inches long, this 
is- the largest member of the genus. 
H atchet -fishes (Stemoptyahidap) 
are laterally compressed. (After 
N. B. Marshall.) 


whereabouts of moving prey. Many fishes (stomiatoids and others) have, in 
addition, anterior luminous organs which act as flashing headlights and illum- 
inate the copepods that the fishes engulf as food. The luminescence of some 
species is at least partly recognitional in function. In others, quick flashing 
may be defensive, and in j'ct others the function may be sexual. Teleost 
luminescence, although sometimes bacterial in origin, is more often produced 



Fig. 223. ^Teleostei: Tactile, buccal, and luminal qwcialisatioiu in deep-sea fonnt. Stomias.ti 

oeep-sea lorm. possesses a barbel and can swallow prey larger than itself. The white spots are 
luminous organs. (From Hickson, after Filhol.) 

by glandular cells (backed by black pigment and a silvery reflector), and passes 
through, and is altered by, a filter (e.g. red, violet, or green), finally emerging 
through a lens. A single fish may have thousands of tiny photo-spots. Photo- 
phores are richly vascular and there is evidence that some are under hormonal 
control. In some species innervation has been demonstrated. 

Many species of fish possess poison-glands. The Stargazer (Uranoscopus) is 
eqmpped with poison spines on the operculum and dorsal fins, as is also its 
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relative, the Weever (Trachinus). TTie anglers (Lophius) and the Trigger-fishes 
{Balistidee) are other teleosts with a dorsal armament. Cat-fishes {Siluroidea), 
of wide distribution, possess a dangerous spine on each pectoral fe. The most 
formidable of all poisonous fishes is Synattceja horrida, the notorious Stone-fish 
of tropical reefs. This has inflicted a foot injury in Man. causing total incapacity 
for months and necessitating an extensive skin graft. 

Exoskeleton. — In many bony fishes, such as Polyodon (a chondrostean) and 
many eels, the skin is devoid of hard parts, but in most cases a dermal exo- 
skeleton is present. In Amia (Fig. 

199, p. 293) and in the majority of 
Teleostei this takes the form, as in 
the Trout, of scales, rounded plates of 
bone imbedded in pouches of the dcr- 
nii.s and whose exjMJsed areas overlap 
one another. When the free border 
of the scales presents an even curve, 
as in Amia and most physostomcs and 
the cods (Anacanthini) , they are called 
cycloid scales; when, as in most 
‘ spiny-rayed ’ fishes, the free edge is 
produced into small spines (Fig. 224), 
they are distinguished as ctenoid scales. 

Usually the integument is continued 
as a thin la5'er over the surface of the 
scales, but in a good many cases this investment is absent. In exceptional 
cases the scales by a redeposition of bone may be so large and strong as to 
form a rigid armour. In the sturgeons (Fig. 193) there is a strong armour, 
formed of stout bony plates, or scutes, produced into enamelled spines and 
articulating with one another by suture. Scutes are also found in many 
siluroids and in sea-horses and pipe-fishes (Fig. 219) and some Plectognathi; 
while in other Plectognathi the exoskeleton takes the form, as in globe-fishes 
(Diodontidae), of long, outstanding, bony spines. In these so-called Needle-, 
Porcupine-, or Puffer-fishes, a thin-walled inflatable gastric diverticulum allows 
the whole body to be puffed up in globular shape, so that the remarkable 
armoury of dagger- or thom-like spines can be defensively erected. Such 
spikes make it difficult for a fish to be swallowed. 

Interesting experimental evidence is available on the relative vulnerability 
to predators of the Three-spined Stickleback {Gasterosteus aculeatus), with large 
spines, the Ten-spined Stickleback {Pygosteus pungitius), with anall ones, and 
the Minnow {Phoxinus phoxinus), with none at all. Phoxinus, Pygosteus, and 
Gasterosteus were preferred by Perch and Pike in the order named, but if de- 
spined sticklebacks were offered, these were treated as minnows. Of the two 
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Fig. 224. — Actinoptwygii: Scalei. Left; 
Cycloid scale of Salmo. a. anterior portion 
covered by overlap of preceding scales; 6. free 
portion covered only by pigmented epidermis. 
Such elements occur in some holesteans and 
most teleosts. Right: Ctenoid scale in which 
the free edge is armed with minute spines. 
Unlike the placoid scale of selachians (Fig. 59* 
p. 83) these are generally covered by epidermis. 
(For cosmoid and ganoid scales see Figs. 60 
and 61.) 
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.acHehacfa, f,. more tcnmmy emed Coererorle.^ ie ihe bolder, endneeism 

'”Zf^J^Zs^¥>sos/e«, am roondfanoiJ scales in the form of tUck 
d Jit Zmboldal plates fomed of bone, covered externally by a layer ol 
enamel-like material {ganoin) and joined together by pegs and sockets. In 
some of the paJ«oniscoid derivatives the anterior fin-rays of both median and 
paired fins bear a row of spine-like scales called fulcra (Fig. 198, True 
dermal teeth similar to those of the Chondrichthyes occur scattered over the 
scales and lepidotrichia in some of the bony fiishes (e.g. Lepisosteus, Polypterus). 

Endoskeleton. — In the sturgeons the vertebral column (Figs. 194, 225) 
consists of a persistent notochord with cartilaginous arches, and is fi^ed 


or 



Fig. 225. — Acipenseroidea: Skull. Sturgeon. The investing bones have been removed, a. 
pharyngobranchials. Ah', antorbital process; AR. articular; b. epibranchial; c. cerato- 
branchial; C. notochord; Cop. basibranchials ; d. hypobranchial ; De. dentary; GK. auditory 
capsule; HM. hyomandibular ; hy. hyoid cornu; Ih. interhyal; Md. mandible; Na. nasal 
capsule; Ob, neural arches; PF. postorbital process; PQ. palatoquadrate; Ps. Ps\ Ps". para- 
sphenoid; Psp. neural spines; Qit. quadrate; R. rostrum; Ri. ribs; Sp. N. foramina for spinal 
nerves; Sy. symplectic; 1F5. vertebral column; x. vagus foramen; / — K, branchial arches. 
(After Wiedersheim.) 


anteriorly with the cranium. In the remaining orders bony vertebrae are 
present. The centra are biconcave, except in some eels, in which the anterior 
face is flat or even convex, and in Lepisosteus, in which the anterior face is 
distinctly convex. Vertebrae of this form, i.e. having the centrum convex in 
front and concave behind, are called opisthoccelous. Ribs are usually present ; 
in Polypterus each vertebra has two pairs; a dorsal pair of considerable length, 
running between the dorsal and ventral muscles, and a short ventral pair be- 
tween the muscles and the peritoneum. The former answer to the ribs of elasmo - 
branchs, the latter to the ribs {pleural ribs) of the remaining bony fishes. . There 
may be one or more sets of intermuscular bones, attached either to the neural 
arch {epineurals), or to the centrum {epicentrals), not preformed in cartilage, 
but developed as ossifications of the intermuscular septa. The posterior end 
of the vertebral column is turned up in the sturgeons, Lepisosteus, and Amia, 
resulting in a helerocercal tail-fin. In Amia, however, the fin-ra5rs are so 
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disposed that the fin appears almost symmetrical. Among Teleostei the tail- 
fin is very usually homocercal, as in the Trout, with a more or less disguised 
asymmetiy.’ in many cases in the adult the development of the large, fan- 
shaped, posterior hxmal arches (hypurals) completely hide the upturned end 
of the notochord. In . some, the spinal column ends simply in a somewhat 


compressed centrum around which the fin- 
rays are symmetrically disposed. Such 
truly symmetrical tail-fins are diphycercal. 

In the structure of the skitU, the 
cranium of the Acipenseroidea (Fig. 225) is 
an undivided mass of cartilage with a few 
isolated replacing bones. The roofing in- 
vesting bones lie in the dermis, so as to 
be practically superficial, and behind pass 
insensibly into the scutes covering the 
trunk ; the fact that these bones (parietals, 
frontals, etc.) are exoskeletal structures is 
here perfectly obvious. The same is the 
case in Polypterus (Fig. 226), in which, 
however, the replacing bones are better 
developed. In Lepisosteus and Amia, and 
especially the latter, the skull resembles 
that of the Trout in all essential respects, 
the main differences consisting in the 
absence of certain bones, such as the supra- 
occipital, and in the presence of additional 
investing bones. Among Isospondyli the 
investing bones remain separable from the 
chondrocranium in the adult. In most 



other orders {e.g. cod, haddock, or perch) 
they become grafted on to the chondro- 
cranium and so closely united with the 
replacing bones that they can be removed 
only by disintegrating the skull. Most 
of the original cartilage frequently disap- 
pears in the adult ; the cranium becomes a 
bony mass in which replacing and investing 
bones are indistinguishable. 


Fig. 226. — Pol^teiini: Sknll. Poly- 
pterus. J n dorisal view. Pmx. premaxilla ; 
Na. external nostril; N. nasal; Sb, Sb^, 
anterior and posterior suborbital ; Orb. 
orbit; A/, maxilla; 5/>. spiracular bones ; 
PO. preoperculum (?); SO. subopercu- 
lum; Op. operculum; P. frontal; P. 
parietal ; a, b, c. d, supra -occipital shields. 
The two arrows pointing downwards 
under the spiracular shields show the 
position of the openings of the spiracles on 
to the outer surface of the skull. (After 
Wiedersheim.) 


The varying size of the gape, which is so noticeable a feature in the fishes. 


depends on the inclination of the suspensorium. In wide-mouthed fishes 


the axis of the hyomandibular and suspensorium is nearly vertical or even 


inclined backwards. In small-mouthed forms it is strongly inclined forwards. 
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and the length of the jaws is proportionately reduced. In the branchial 
arches the pharyngobranchials of each side are very commonly fused, and 
constitute what are called the superior phcaryngeal bones. The reduced fifth 
branchial bars, or inferior pharyngeal bones, bite against them. Some percoid 
fishes are distinguished by having the inferior pharyngeal bones united into a 
single bony mass of characteristic form. The gill-rakers are often very highly 
developed, and may form a mesh capable of retaining even microscopic 
organisms. 

Several species of teleosts are able to swallow prey much bigger than them- 
selves. When certain deep-sea stomiatoid fishes do this they are aided by a 


Fio. 227. — ^lUeot- 
td: Deglntitioii apee- 
iaUaatioas. Chauliodus 
swallowing spiny prey 
(see text). Although 
this animal angles, it is 
a stomiatoid (see also 
Fig. 223), notaceratoicl 
angler. hsh. (From 

N. B. Marshall, after 
Tchcmavin.) 


remarkable deglutition mechanism that enables the large struggling fish to be 
engulfed without damage to the hunter. Thus in Chauliodus (Fig. 227) the 
heart and ventral aorta are anteriorly placed between the lower jaw-bones. 
Parts of the fragile gill-arches, too, are directly adjacent. Tchemavin has 
shown, however, that when Chauliodus attacks, the powerful muscles extending 
from cranium to column contract and so swing the skull and anterior vertebrae 
upwards. At the same time the articulatory apparatus of the jaws is thrust 
forward. Concurrently, the wide gape is opened and sets of special muscles 
depress the pectoral girdle (and attached pericardium amd heau't) amd the gill 
arches. Thus, each delicate and vital organ is pulled out of haurm's way while 
the struggling, spiny catch is thrust by a 'stabbing' movement of sharp, 
elongated teeth doum the pharynx into the widely distensible stomach. The 
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deglutition process probably takes place very quickly and so respiration is only 
momentarily impeded. 

In the shoidder-girMe of the Chondrostei there is a primary girdle consisting 
of large paired cartilages, not united in the middle 
ventral line, and unossified : each is covered ex- H* 

temally by a large scute-like investing bone, the 
cleUhrum. In Polypterus a clavicle and cleithrum 
are also present, but in the remaining palaeoniscoid 
derivatives (p. 326) and in Teleostei the primary 
shoulder-girdle is reduced in size and is usually 
ossified as two bones, a dorsal scapula and a 
ventral coracoid : sometimes, as in the Trout, 
there may be an additional ossification, the 
mesocoracoid. Additional investing bones — 
supracleithrum, postcleithrum, etc. — are added, 
and one of them, the post-temporal, serves to 
articulate the shoulder-girdle with the skull (Fig. 

208, p. 308). The skeleton of the pectoral fin of 
Polypterus (Fig. 228) differs substantially from 
that of other orders, including teleosts (Fig. 208) 

(see Daget). 

In the Chondrostei 
(e.g. Polypterus) there 
occurs a vestigial pelvic 
girdle (Fig. 229, BP) in 
the form of a small 
rhomboidal cartilage to 
which the anterior ends 
of the basalia (Bas are 
attached. In all the re- 
maining orders the pelvic girdle appears to be atrophied. 
The pelvic fin is supported by a single bone of variable 
form (Fig. 209, B. PTG) and apparently arising from 
the fusion of proximal pterygiophores. Between its 
posterior end and the dermal rays irr^lar nodules,' 
representing radials, may be interposed. 

The distinction between hard or unjointed fin-rays, 
or spines, and soft or jointed fin-ra}^ has already been 
referred to. The major ray of the dorsal and pectoral 
fins sometimes, e.g. in trigger-fishes (Balistida), has the form of a very strong 
spine which can be ‘locked’ into its erected position, and only lowered by 
means of a complicated trigger mechanism derived from other bony elements 
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Fig. 228. -Pfdyptetini: Peot- 

oral to. The ]>rcsence in Poly* 
pterus of three elements — dorsal 
Pr, and ventral Mi. margins, and 
ossified media plaque Oss . — gives 
this fin a superficial resemblance 
to the pectoral fin of selachians 
(P- 235). There is no phylo- 
genetic significance in this simil- 
arity. F. S. dermal rays; N. L. 
nerve foramina ; Ra. first radials ; 
Ra^. second radials; At * the 
bony marginal rays meet and 
shut off the middle region from 
the shoulder girdle. (After 
Wiedersheim.) 




Fig. 229.--Pol3rptori]ii: 
Pelvic to and oartllagai. 

Young Polypterus. Ap, 
part of basal; Bas^. basal; 
BP. pelvic cartilages (fused 
in adult); Rad, radials. 
(After Wiedersheim.) 
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of the fin (dorsal fin-spines), or by specially inserted muscles moving the spine 
base over an elaborate articular surface (pectoral spines in certain siluroids). 
In some cases the first dorsal spine springs from the skull. 

The texture of the bones is subject to wide variation ; in some ‘spiny-rayed’ 
fishes they are very thick and strong, in some places almost like ivory ; while in 
the Lump-fish {Cyclopierus), the huge Sunfish {Mola), and in many deep-sea 
forms, such as the ribbon-fishes (Regalecus and Trachypterus), the amount of 

mineral matter is so small that the 
^ - bones are easily cut with a knife and 

r\ weigh astonishingly little when dry. 

Electite Organs. — Members | of 

n/ / fyuP families of teleost fishes have 
Uh^ independently develop>ed org^s 

Vj/ V ipT ^ which produce electricity, Th^e 

P are used for defence, the capture of 

prey, and perhaps as direction- 
finders. The best-known is the so- 
called Electric-' eel ' (Electrophorus 
Ear —Gymnotus) (Fig. 230) — a blind, 

:B superficially eel-like fish which grows 

^ to a length of about 8 feet, and is 

^ almost as thick as a man’s thigh and 

lives in shallow muddy parts of the 
Amazon, Orinoco, and other South 
American rivers. On land Electro- 

pkorus can discharge about 500 

Fig. 230. — Teleostei: Electric ocKaiu. Elec- volts. In water the charge is partly 

gS* short-circuited and the shoek (from 

small portion oftail, in section. DM, DM', dorsal an unexhausted fish) is about 250 

muscles. E, E'. electric organ; FI. ventral fin; 

H. skin; LH. caudal canal; Sep. fibrous septum; VOltS, but Stlll Sufficiently Strong tO 

VM, VM'. ventol, muscles; IFS, M'S', vertebral ort^ai ditu'omfnrf- tn Man nr 

column, with spinal nerves. (After Wiedersheim.) great QlSCOmXOrt tO Man or 

to activate an electric buzzer or light 
a neon sign (as one does in the New York Zoo). The electric organ consists of 
some seventy columns, each of which contains a series of about six hundred 
disc-shaped syncytial electroplaxes (electro-plate cells). The cells are probably 
formed from striated muscle-cells and together constitute a jelly-like 
mass located in the postero-ventral four-fifths of the body, and tail. This 
tissue is responsible for about half the total body- weight. Each electro- 
plate is innervated, and shocks are normally transmitted only when the fish 
is molested, or when it comes within range of its prey, which is stunned and 
then swallowed whole. The dela3dng mechanism which, after the reception 
of external stimuli, ensures the electric potential of all the vridely separated 




Fig. 230.— TUeostei: Electric ocgaiu. Elec- 
trophorus electrictis. Above: showing the extent 
of the electric organ (E). FI, ventral fin. Below: 
small portion of tail, in section. DM, DM', dorsal 
muscles. E, E\ electric organ; FI. ventral fin; 
H. skin; LH. caudal canal; Sep. fibrous septum; 
VM, VM'. ventral, muscles; WS'. vertebral 
column, with spinal nerves. (After Wiedersheim.) 
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electro-plates discharge at about the same time has not been satisfactorily 
explained. 

Two star-gazers — the Mediterranean Uranoscopus and the American Astro- 
scopus — also have muscle tissue modified into electric organs, but in each case 
these, innervated by the oculomotor nerves, are restricted to the region of the 
eyes. A third group of electric fishes is the African Mormyridae, which produce 
weak shocks from modified caudal muscles (see below). A fourth family is 
represented by the African Cat-fish {Malapterurus). 

Normal nerve-transmission is essentially an electrical phenomenon, but 
there has been for many years conjecture concerning the evolution of electric 
organs, since it was difficult to imagine what use they subserved until develop- 
ment had proceeded to a degree sufficient to generate power sufficiently high to 
deter an enemy or immobilise food. There is now evidence, however, that the 
African Gymnarchus nUoticus gives out weak electrical impulses at a rate of 
about 300 per second throughout life and may detect changes in its electric 
field caused by obstacles or other animals in the surrounding murky river- 
water. If such a mechanism exists it might provide an explanation, as 
Lissman suggests, of the initial steps in the evolution of powerful electric organs. 

If one picks up a wet individual Morntyrus, only a faint tingling can be 
detected. M. kannume, for example, discharges a continuous stream of weak 
impulses at a variable frequency. The discharge frequency is lowest when 
the fish is motionless. The rate increases rapidly to 80-100 impulses per 
minute if the animal is alarmed. The fish responds immediately any conductor 
enters its electromagnetic field. The precise means by which Mormyrus 
perceives its electrical disturbances is still imknown. Mormyromasts, which 
are neuro-glandular epidermal cells of a special kind, may be involved. It is 
])erhaps significant that the cerebellar and acoustico-lateralis areas of the 
Mormyrus brain are remarkably developed, helping to make up a brain-weight 
between 1/52 and 1/82 of the total body-weight, ‘a thing unparalleled among 
lower vertebrates’ (Boulenger). It is not unlikely that this unusual develop- 
ment is somehow related to the co-ordination of impulses concerned with 
direction finding in this fish, which also lives in muddy waters providing poor 
visibility. Substantial electric potentials are also generated by certain elasmo- 
branchs (p. 271) but (as in the case of star-gazers and Malapterurus) there is no 
evidence of their contemporary use in navigation (p. 272). 

Alimentary Canal and Associated Structures.— Some fishes are toothless; 
but in most instances teeth are present, and may be developed on the pre-maxilla, 
maxilla, palatine, pterygoid, prevomer, parasphenoid, dentary, basihyal, and 
bones of the branchial arches. It is characteristic of most Teleostei, with the 
exception of Isospondyli, that the maxilla is edentulous and does not enter into 
the gape. The teeth may be either simply embedded in the mucous membrane 
and can t>e detached when the bones are macerated or boiled, or they may be 
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implanted in sockets of the bone, or ankylosed to it. They are formed of some 
variety of dentine, and are often capped with enamel. Their succession is 
perpetual, i.e. injured or worn-out teeth are replaced at all ages. 

In a very large majority of teleost species the teeth are small, conical, 
and recurved, suitable for preventing the struggling prey from slipping out of 
the mouth, but quite unfitted for either tearing or crushing. In some fishes, 
such as the pike, the teeth are hinged backwards so as to offer no resistance to 
the passage of the prey towards the gullet, but effectually barring reverse 
movement. In many deep-sea fishes (Fig. 227) the teeth are of immense size 
and constitute a very formidable armature to the jaws. A number of instances 
occur in which there is a marked differentiation of’ the teeth, those in the tiont 
of the jaws (Fig. 231) being pointed or chisel-edged, and adapted for seizing, 
while the back teeth have spherical surfaces adapted for crushing. In wra^s 

strong crushing teeth are developed on ^e 
pharyngeal bones. In globe-fishes the teeth are 
apparently reduced to one or two in each jaw, 
but each 'tooth' in this case really consists of 
numerous calcified plates fused together. 

Sniper-, rifle-, or archer-fishes (Toxotes) of 
Indo-Australian rivers exhibit remarkable modi- 
fications of the buccal cavity related to the pro- 
pulsion of water at insects in foliage overhanging 
the river-banks. These surface swimmers com- 
press their opercula, sharply elevate the floor of 
the buccal cavity, and propel a jet of water through 
a nozzle-like groove in the dorsal aspect of the 
mouth. This jet may travel, with startling 
accuracy, for several feet , knocking a fly into the water where it can be devoured. 
Some species are about one foot in length ; young fishes only an inch long also 
have the shooting habit. 

In some bony fishes the alimentary canal shows little differentiation into 
regions, but, as a rule, gullet, stomach, duodenum, ileum, and rectum are more 
or less clearly distinguishable at least histologically. The stomach is generally 
V-shaped, but its cardiac region may be prolonged into a blind pouch. This 
is often very distensible, allowing some of the deep-sea Teleostei to swallow 
fishes as large as themselves. In many genera of several families the stomach 
is entirely absent (e.g. Blennius, Cyprinus, Fundulus, Gambusia, and Labrus). 
This is also the case in the Holocephali (p. 256) and is no doubt a secondary and 
adaptive condition. 

Globe-fishes can inflate the gullet with air or water, as a result of which they 
can float upside down. A spiral valve is very well developed in Polypterus and 
the sturgeons, vestig[ial in Lepisosteus and Amia. It appears to be absent or 



Fig 231.— Teleostei: Dental 
specialisation. In Sargm {Spa- 
tida) premaxillary and maxil> 
lary elements arc diversified in a 
manner reminiscent of tetra- 
pods. (After Owen.) 
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vestigial in all Teleostei, except possibly in Chirocentrus (Isospondyli). A trace 
occurs in the herrings. The liver is usually large. A pancreas may be present 
as a compact gland, as in Chondrichthyes, or may be widely diffused between 
the layers of the mesentery, or in part surrounded by the liver. Pyloric cteca 
are commonly present, and vary in number from a single one to two hundred. 
The anus is always distinct from, and in front of, the urinogenital aperture. 

Respiratory Organs.— The gills are usually comb-like, as in the Trout, the 
branchial filaments being free, owing to the atrophy of the interbranchial 
septa. In the sturgeons, however, the septa are fairly well developed, reaching 
half-way up the filaments, so that the latter are free only in their distal portions. 
This arrangement is obviously intermediate between the chondrichthyan and 
teleostean conditions. Perhaps the most striking deviation from the charac- 
teristic structure occurs in sea-horses, in which the gill-filaments are replaced 
by curious tufted processes (Fig. 219, B, g.). As a rule gills (holobranchs) are 
developed on the first four branchial arches, but the fourth is frequently reduced 
to a hemibranch, and further reduction takes places in some cases. The 
pseudobranch or vestigial mandibular gill may either retain the characteristic 
comb-like structure, as in the Trout (p. 311), or may be reduced, as in the Cod, to 
a gland-like organ formed of a plexus of blood-vessels and called a vaso-ganglion 
or rete mirabile. In most teleosts the mechanism of respiration is similar to 
that already described in the Trout, and respiratory valves are developed in the 
mouth-cavity. But there are considerable differences in details, more especially 
as regards the relative importance of the opercula and the branchiostegal 
membranes in carrying on the movements of inspiration and expiration. 

A most complicated accessory respiratory device is the paired supra- 
branchial organ possessed by the catfish, Clarias. This is divided into two parts : 
(i) a highly branched arborescent structure associated with the second and 
fourth gill-arches on either side and (2) a heavily vascularised diverticulum of 
the branchial chamber which encloses it (Fig. 232). The epithelium of both 
the chamber and the arborescent organ has the same histological structure as 
gill-filaments, i.e., thin outer epithelial layers and large intercellular spaces 
separated by ‘pilaster’ cells. Afferent and efferent blood-vessels, derived 
from those of the gill-arches, supply the intercellular spaces of the organ and 
its chamber. The entrance to the suprabranchial chamber is closed by a 
succession of fan-like structures developed from coalesced neighbouring gill- 
filaments on the dorsal aspect of the gill arches. These fans can seal the 
respiratory suprabranchial cavity. Air gulped through the mouth is thai 
temporarily retained within. Greenwood reports that even before the arbores- 
cent organs arise, young Clarias mossambicus are able to survive in water of 
greatly reduced oxygen tension and, in fact, can live for as long as x8 hours 
when taken from the water, provided their environment is kept damp. Since 
the higl^y vascularised suprabranchial cavity is developed in fishes of this 
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size, it is presumed that it can function as a lung. The early post-larval life is 
spent in poorly oxygenated pools and swamps. Adult Clarias are able to 
progress from one swamp to another across damp grass-land. In the neotenous 
Clariallabes petricola the supra-branchial organ has almost disappeared. 
Certain other probably neotenous clariid genera show various stages in the 
reduction of this organ. 

In several fishes {e.g. Loach) respiration can take place through the epithelium’ 
of the gut. In Amphipnous, an Indian symbranchid, the gills are poorly 



/ 232 -— ^leostri: Extra-branchial respiration. Sujira-branchial organ of an air-bn-athing 

Ireshwater ^tnsh. Clarias mossatnhtcus gul]>s air at the surface in a manner not unlike that of 
mng-nshes (Fig. 251, p. 365), but more swiftly. The gill fans (derived from the upper gill fdaments) 
are m^tle and probably control the flow of air or water into the supra-branchial cavity, but 
exMt details of the respiratory proce.s.s are unknown. Both aborescent organ and adjacent 
fUs ® in function. There is no connection between nostrils and 

fl!!™ r branchial or pharyngeal cavity. Nostrils are purely olfactory in function, allowing the 


developed and functionally replaced on each side of the body by a vascular sac 
developed as a diverticulum from the pharynx and which opens anteriorly 
into the first (hyobranchial) gill-cleft. Such sacs are physiologically, though 
not morphologically, lungs. In the so-called Climbing Perch {Anabas) of Asia 
(I'lg- 233) folded plates (B) are developed from the first epibranchial bones and 
cowre with vascular mucous membrane. The fish is able to progress on land, 

fil its pre-operculum and of its ventral 

dependent on atmospheric oxygen that it is asphyxiated if 

♦bL surface. The widely held beUef that 

species can climb trees is probably the result of faulty observation. Anabas 
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ate certainly found in the forked branches of trees. But they are dropped or 
placed there by kites which catch stranded fishes in drying pools (Das). 

The Common Eel {Anguilla anguilla), which is notable for its overland 
journeys, is able to breathe cutaneously both in water and on land. Krogh 
long ago stressed that even in water more than half the total oxygen absorption 
is cutaneous, although carbon dioxide excretion is principally through the gills. 
Ashore, on the other hand, the eel excretes more than 90 per cent of its carbon 
dioxide through the skin. Oxygen uptake by the skin decreases sharply with a 


Wfm. 



’^’ 1 ) iJI 



Fig. 233.— Teleostei: Extra- 
branchial respiration. Anabas 
scandens. (See text.) A, Anabas 
(Family Anabantidie) is not a true 
B perch nor does it climb. The 
s]>ecific name (scandens), however, 
must be (very properly) per- 
petuated on grounds of priority, 
'i'lic even less suitable veracular 
names will probably continue to be used in 
acconlance with custom. B. dissection of 
head, showing accessory respiratory organ. 
(A, after Cuvier; B, after Gunther.) 


rise in external temperature: perhaps a reason, as Carter suggests, why eels 
usually are found ashore only at night. In the mudskippers {Periophthalmus^ 
p. 325) the oral and pharyngeal epithelium is highly vascular and subserves 
respiration. 

In a few teleosts, notably the Stargazer, Astroscopus, there have arisen intern- 
al nares. Paired passages lead from the nasal capsules into the buccal cavity, 
perhaps facilitating aquatic respiration (and possibly olfaction), while the animal 
lies buried in the sand. The channels do not perforate any bony structure (Atz). 
They are absent in related genera; and are of course not homologous with 
comparable structures in lung-fishes and tetrapods (pp. 366, 383)- 

Swim-bladder« — It is now generally held that the swim-bladder arose from 
the primitive lung of ancient fishes {e,g, p. 108) and reached its present efficiency 
only when actinopterygian ancestors took to the sea. Swim-bladder and lung, 
then, are homologous. The swim-bladder (Figs. 234» 235) lies between the 
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alimentary canal and the kidneys. Although essentially a hydrostatic organ 

(see below), it may function also as an auxiliary re- 
B(-^— spiratory device (see also p. 290), and is sometimes 
PyU connected with the production or amplification of 

sound. It may be single or multi-chambered, and is 
IMm generally a tough sac overlain by a capillary network. 

Below the capillary system is a tunica externa of con- 
i' nective tissue. Beneath this is a tunica interna con- 
r P® M sisting of smooth muscle-fibres with inner epithelial 

I * « gas-gland (Fig. 235), which, in general, is specialised 

Ir « M anteriorly for gas secretion and posteriorly for 

\ \ n diffusion. It may be opea i^hysostomatous) or clos^ 

(physoclistous). In the latter case the 
t I' connecting the organ with oesophagus or phar3m^, 

i '' reduced to a mere thread or absent altogether 

ff Polypterus the swim-bladder consists of two lobes, 

S [ff^m the left one large, the right smaller (see Fig. 255, 

nl p. 371). The swim-bladder in some species is divided 

^ into compartments, or may be produced into lateral 
jeiu— diverticula. In Amia and Lepisosteus (Fig. 234, a. b) 
its wall is sacculated or raised into anastomosing 
r — ridges, enclosing more or less weU-marked chambers 

resembling a primitive lung. In Polypterus 
lung-like character is enhanced by the ventral 
position of the opening and by the blood being con- 
veyed to it (as is also the case in Amia) by a pair of 
pidmonary arteries given off from the last pair of 
epibranchial arteries, as in the Dipnoi (p. 372). Even 
in some modem fishes the swim-bladder seems to be 
■ capable of acting as an accessory respiratory orgzui. 

% It has been found that in a perch asph3^ated in sts^- 

Fig. 354.— Holostei; "ant water, the oxygen in the bladder, which normally 

amounts to 20 or 25 per cent., is entirely absorbed 
anus; «. ft. swim -bladder; a. and replaced by nitrogen and carbon dioxide. The 
ynx; b. d’. aperture of bile- pnmary function of the bladder, however, is hydro- 

S-bladdS° */>.T hepatfc ** SpCCifiC 

duct; ir. liver; py, pyloric gravity as the Water. The specific gravity of the fish 
valve; s. spleen; sp. v. ^ i . . r n* t r • 

spiral valve; st. stomach. ^ ^ whole, nsmg or falling because of the increase or 

^^r MdlSrkeO ' decrease of pressure at various depths as it descends 

or ascends, and causing greater or less compression of 
the gases in the swim-bladder, can be brought to approximately that of the 
surrounding water by increase or decrease in the qusmtity of the contained 


Fig. 234.~-Holostei; 
Swim-Uadder and its general 
relationships. Lepisosteus. a. 
anus; a. swim -bladder; a. 
b\ its aperture in the phar- 
ynx; b. d\ aperture of bile- 
duct; c. pyloric caeca; g, 
gall-bladder; hp. d, hepatic 
duct; /r. liver; py. pyloric 
valve; s. spleen; sp, v. 
spiral valve; st. stomach. 
(From Wiedersheim, after 
Balfour and Parker.) 
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gas. Although phjrsostomes (with ‘ open ’ swim-bladders) can replenish lost gas 
by swallowing at the surface. ph3rsoclists and some physostomes can transfer 
gas of high oxygen content direct from the blood-stream. In these animals, 
the epithdlium of the bladder is differentiated into 


dL gas-gland which is generally composed of many layers 
of specialised gas-producing cells which are supplied 
with blood-vessels from the retia mirabilia or wundemdz 
mentioned below (Fig. 236). Part of the arterial and 
venous system supplying the swim-bladder breaks up 
into minute vessels to form the retia mirabilia, and so 
comes into functional relationship with the cells of the 
gas-gland. Arterial capillaries bring in blood gases, 
and the gland secretes oxygen, carbon dioxide, and 
nitrogen into the lumen of the bladder, according to 
the needs of the moment. If gas is experimentally 
withdrawn, the gas-gland undergoes a compensatory 
hyper-secretion. Likewise, if the fish is experiment- 
ally burdened with a weight, it will at first sink, but 
later, with increased gas secretion, it recovers buoy- 
ancy by swim-bladder expansion. Gases can, on the 
other hand, diffuse from the swim-bladder into the 
capillaries and, in fact, some fishes {e.g. Myctophidae, 
Gadidae, Percidae, Mugilidae, etc.) possess an oval (Fig. 
236), which is a thin-walled, richly vascular area of 
swim-bladder modified for the resorption of gases. 
The oval is equipped with an arrauigement of circular 
and longitudinal muscles that can either expose the 
capillary area to, or maisk it from, the internal surface 
of the swim-bladder and so reflexly control the gas 
pressure within. This secondary specialisation is no 
doubt of immense benefit to fishes that undergo 
relatively rapid vertical migrations to spend the night 
hours near the surface and to avoid daylight in the 
‘twilight’ reaches of the depths. By altering the in- 
ternal pressures and volume of its swim-bladder, the fish 
remains in hydrostatic equilibrium with the changing 
water-pressure, and so cjui move up or down with a 



Fig. 235. — lUsMtei: 
Swim-Usdder and its rela- 
tionships with apparatus ol 
audioeqnilibration. (In a 

cyprinoid.) ant. ch. and 
post, ch: anterior and pos- 
terior chambers of swim- 
bladder; Weberian ossicles; 
inc. incus; mat. malleus 
and stap. stapes; o. s. os 
suspensorium; sac. sac- 
culus; sin. end. sinus 
endolymphaticus; sin. imp. 
sinus impar; t. c. trans- 
verse canal. 1-4, vertebrae. 
(From Harden Jones and 
N. B. Marshall after 
Chranilov.) 


minimum of muscular effort. The result of the sudden mnoval of pressure can 
be seen in the grotesque buccal protrusion of the swim-bladder from fishes 
suddenly hooked or trawled up from even moderate depths. 

In some fishes with a functional pneumatic duct the gas glands are absent, 
but in the eels and others their place is taken by red bodies of similar appearance. 
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but with non-glandular epithelium. In some forms with an enclosed swim- 
bladder the anterior end of the organ is forked, and each branch fits closely 
against a membranous space in the posterior wall of the auditory capsule, 
while laterally it extends outwards in the region of the shoulder-girdle, and 
comes to lie immediately beneath the skin. Any change in volume of the 
swim-bladder is thus communicated to the auditory organ. A more sensitive 
apparatus exists in the carps and siluroids (order Ostariophysi), in which a 
chain of bones connects the swim-bladder with the ear, forming the Weberian 
apparatus (Fig. 235). There is reason to believe that this apparatus, modified 
from processes of certain vertebrae, carries pressure stimuli anteriorly to the 
perilymph (p. 145). 



Fig. 230.— Teleostei: Swim-bladder, its Uood supply and intrinsic ciienlation. The gas gland. 

oval and spatial relationship with the kidney arc indicated. The arteries are shown white and the 
veins black, c. capillary layer; c. m. a. cadiaco-mesenteric artery; d, a. dorsal aorta; g. gl. gas 
gland; h. p. v. hepatic portal vein; k. kidney; ov, oval; p, peritoneum; r, m, retia mirabilia. 
(From Harden Jones and N. B, Marshall, after Saupc.) 


The presence or absence of the swim-bladder is often closely correlated with 
the ecology of the animal (see Jones and N. B. Marshall). It may be lost in 
bottom-living, shallow- water fishes, and in those inhabiting* the extreme ocean 
depths where it is sometimes converted into a fat-storage organ (see also p. 359). 
The efficient swim-bladder shown in so many modem teleosts is a relatively 
recent development. It has conferred upon them incalculable advantages. 

Blood-Vascular System. — ^The structure of the heart forms one of the most 
striking differences between the palaeoniscoid derivatives and the teleosts. In 
the former there is a muscular conus arteriosus with rows of valves, as in the 
Chondrichthyes. In teleosts a vestige of the conus containing two rows of 
valves has been found in Alhtila (Isospondyli), and similar vestiges occur in 
several other genera of the same order, but in all the rest of the teleosts it is 
entirely unrepresented. On the other hand, teleosts always have a large bulbus 
arteriosus a fibrous non-contractile ring of tissue at the base of the ventral 
aorta. 
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The flesh of most fishes is pale, but in fast-swimming teleost tutuiies 
(Thunnus and allied genera) and certain others there occurs highly pigmented, 
fat- and glycogen-containing red muscle, which, according to its anatomical 
situation, appears not to take part in the principal work of the body. In 
Thtmnus and mackerel (Scomber) disproportionately large amounts of vitamins 
of the B-complex (excluding niacin) occur in red, compared with ordinary 
skeletal, muscle, leading to the view that it has functions somewhat comparable 
with certain of those of the liver. ‘ The circulatory arrangements of tunnies 
are of a complexity unique among fishes and these, in themselves, differ curi- 
ously between genera. The dorsal aorta gives off a series of cutaneous arteries 
which run laterally through the kidney tissue to emerge in the superficial 
musculature. Dorsal cutaneous arteries give off dorsal segmental arteries. 
The corresponding ventral vessels usually do likewise. The cutaneous arteries 
in turn lead to rows of arterioles. This arrangement is accompanied by a 
corresppndingly rich venous vascularity. The visceral circulation, too, is 
noteworthy: certain branches of the coeliaco-mesenteric artery terminate in 
unusually rich and complicated vascular plexuses in the liver. The heat 
generated by metabolic activity raises tKc temperature of fishes generally to 
a level slightly in excess of that of the surrounding sea-water. In Thunnus 
the temperature may be as much as io° C. more than that of the surroimding 
medium. 

Bony fishes possess, as with all vertebrates, erythrocytes, and various kinds 
of leucocytes. The possession of red respiratory blood-cells (containing 
hemoglobin) is a characteristic of vertebrates, although the leptocephalus larva 
of the eel does not acquire the pigment until it becomes an elver, and the pig- 
ment of Petromyzon (p. 176) is somewhat different from that of other vertebrates. 

There is evidence, too, that Antarctic members of no less than three genera 
of marine teleosts (Chesnocephalns, Champsocephalus, and PseudochcenicMhys) 
possess colourless blood. They have yellowish-white gills, and Norwegian 
whalers call them blodlaus-fisk (Ruud). Investigation has shown that their 
blood is in fact essentially a transparent, yellowish-white plasma containing 
leucocytes as well as unknown principles that enable it to clot. No red cells 
whatever are found in CJusnocephalus and no absorption bands can be dis- 
cerned in the spectrum. The iron content of the plasma is relatively minute 
compared with that of other teleosts, and its oxygen capacity is correspondingly 
low. These probably comparatively sluggish fishes are relatively large ; they 
sometimes attain a length of 60 cm. and a weight of more than i kg. Generally 
they are caught in water that is somewhat colder than 2° C. 

Experimental evidence is available that carp, pike, and eels can remain alive, 
apparently little incommoded, after their blood is almost saturated with cau-bon 
monoxide bubbled through theit tank. Such a state of carboxylation would 
hill quickly a mammal, and Fox has suggested that many fishes, including 
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certainly the above Antarctic forms, probably cany adequate oxygen in their 
blood plasma for their needs while swimming quietly. The haemoglobin in 
many teleosts is possibly used only in an emergency. On the other hand, it 
has been claimed that mackerel, for example, are unable to obtain sufficient 
oxygen unless they are swimming rapidly. 

Brain. — The cerebellum and optic lobes are usually large. The dience- 
phalon is well developed in palxoniscoid derivatives (p. 326). In the Teleostei 
the prosencephalon has the general features which have 
been described in the accoimt of the brain of the Trout. 
It is not divided into hemispheres and has a roof which, 
except in Atnia, is completely non-nervous. Its floor 
consists of a pair of massive corpora striata (Fig. 2^, 
prs., and Fig. 211, p. 313, BG.). In most instances t&e 
olfactory bulbs are in close apposition with the olfactoiy 
region of the prosencephalon without the intervention of 
olfactory stalks or tracts; but in some cases, as in cod 
(Fig. 238, olf. p.), they are borne on long olfactory peduncles 
or olfactory tracts. The palaeoniscoid derivatives agree with 
Chondrichthyes in that the optic nerves form a chiasma, 
whereas in teleosts they simply cross one another or 
decussate. Here also, however, the distinction is not 
quite absolute, since in herrings and some other isospondy- 
lids one nerve passes through a slit in the other. In some 
plectognaths the spinal cord undergoes a remarkable 
shortening. In a sim-fish 2 \ metres in length and weigh- 
ing a ton and a half, the cord is only 15 millimetres long. 
It is actually shorter than the brain. 

Exteroeeption. — ^W’alls is of the opinion that the eyes of 
deep-sea fishes are ‘probably by far the most sensitive in 
existence’. It is certain that, like those of owls and other nocturnal land 
vertebrates, the eyes of certain deep-sea teleosts receive enough light in order 
to function in situations in which Man is completely blind. Certain de^sea 
fishes have a retina containing up to 20,000,000 rods per square millimetre. 
Whole ‘blocks’ of rods are linked {via bipolar ganglion cells) to a single fibre 
of the optic nerve. Thus even though the infinitesimal amount of light imping- 
ing on a few rods may be insufficient to evoke a neural response, the combined 
(though withal weak) reaction of many may easily do so in an abyssal environ- 
ment. Among fishes, large eyes are prevalent down to about 500 metres. 
Some species with wide pupils and big lenses — adaptations to marine twilight — 
live as deep as 1,000 metres. Below this depth the eye seems generally to 
become small, related essentially to the mere perception of light ; and sometimes 
extremely degenerate, or merely vestigial, or even absent altogether. Light 







Fig. 237.— Holostei: 
Brain. Lepisosteus in 
dorsal view. chi. cere- 
bellum; c. h. olfactory 
part of prosencephalon ; 
di. diencephalon; m. o. 
medulla oblongata; 
olf. 1. olfactory bulbs; 
opt. /. optic lobes; prs. 
corpora striata. (After 
Balfour and Parker.) 
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falling on the sea is absorbed and scattered: Beebe, in his bathysphere, found 
that under clear Bermuda waters a coloured book illustration showing bright 
red prawns appeared almost black at about i8 metres. Yellow light almost 
disappeared at about lOO metres and much of the green-blue was gone at 240 
metres below. From 520 metres downwards the sea was black to the human 
eye. 

A secondary photoreceptor mechanism exists in the pineal and adjacent 
areas of the diencephalon of some (and perhaps many) fishes (see also p. 196, 
and cf. p. 546). In Phoxinus (a cyprinid) it has long been known that chromato- 


Fic. 238. — ^Teleostei: 
Brain and membranons 
labyrinth. Physiculus 
backus (Moridae: cods). 
a thickened portion of 
<;wim -bladder fitting into 
fenestra in posterior wall 
of auditory capsule; a. bl. 
swim -bladder; au. cp, 
outer wall of auditory 
capsule; au. cp\ inner 
(membranous) wall; b. 
hollow offshoots of air- 
bladder; cp. str. corpora 
striata ; crb. cerebellum ; 
memb. lab. membranous 
labyrinth ; olf. 1. olfactory 
bulbs; olf. p. olfactory 
pcnduncles (olfactory 
tracts); op. operculum; 
opt. 1. optic lobes; vs. gn. 
vaso-ganglia. 



phore responses are linked with the pineal region. There is evidence, too, that 
this area is light-sensitive in blind cave-fishes (Anoptickthys), as well as in 
other species with translucent tissue covering the diencephalon. Hoar has 
now shown that in the smolt of the Sockeye Salmon {Oncorhynchus nerka) light 
sensitivity is dependent on the pineal organ as well as the eyes. Destruction 
of the pineal area ‘affects the distribution of pigment in the chromatophores 
and the phototactic response of the fish 

An auditory apparatus (Fig. 93, p. 144; Fig. 214) occurs in all groups of 
fishes. It was for many years generally believed that fishes are relatively 
deaf and that few indeed are able to emit sounds. Water, of course, carries 
sound very efficiently. The speed of submarine sound is modifiable by density 
and h3rdrostatic pressure, but, as a general rule, it can be said that sound 
VOL. n Y 
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travels underwater at about 1,500 metres per second, compared with an average 
aerial speed of about 340 metres per second at sea-level. 

By the use of sensitive hydrophonic apparatus developed during the 1939- 
1945 war much valuable information is becoming available concerning the 
noises made by bony fishes. Sound is produced by movements of various 
skeletal bones, spines, teeth, and the swim-bladder. The whistling * song of the 
Sirens which can be heard above the surface, is probably produced by members 
of the family Sciaenidae. Gurnards (Triglidae) produce snoring noises by the 
muscular vibration of the swim-bladder, and because of this have been called 
‘crooners’, ‘pipers’, and several onomatopoeic names in various countries. 
Porcupine-fishes {Diodon and allies) produce grating sounds by movements of 
the jaws (and possibly palatal ridges), heightened perhaps by the resonatoity 
capacity of the swim-bladder. On the other hand, some fishes are said to be 
deaf, and others incapable of making a noise. There is no reason to disbelief 
that fish noises are important components of behaviour patterns concerned 
with threat, recognition, and courtship, as in other vertebrates. 

The lateral line organs (pp. 136, 449) may be uncovered, but are usually 
canals which open to the environment by means of pores or tubules. Some 
abyssal fishes lack actual canals, but possess lateral line organs as sensoiy' 
terminations of variously-shaped papillae swinging free in the water. There is 
experimental evidence that when another fish swims by, the neural impulses 
from the lateral-line sj'stem are intensified. Such organs seem to respond only 
to low-frequency vibrations, and so apprise the fish of the approach of predators 
or prey, and probably help keep members of a shoal together. The disappear- 
ance of eyes in the deep-sea bottom-feeding brotulid fishes is accompanied by a 
remarkable compensatory development of the lateral-line system of the head. 
Brotulids inhabiting higher reaches have functional eyes, and less powerfully 
developed pressure receptors. In the scaleless Miripinna of the recently erected 
teleost order Miripinnati (Bertelsen and N. B. Marshall), the lateral-line organs 
are borne on projections. In one species {M, esau) the body is covered with 
branched, hair-like processes bearing glandular cells of uncertain function. 

Endocrine oi^ans. — These fall into the characteristic vertebrate pattern 
(p. 147). The pituitary varies considerably in structure from one group to 
another, ‘.interior’ and neural lobes are readily recognised. There is some 
evidence that the adenohypophysis (Fig. 96, p. 150) in teleosts is itself made up 
of anterior, median, and posterior parts, the median section being homologous 
with the pars distalis, and the posterior, glandular portion with the pars inter- 
media of mammals. There is experimental evidence that the hypophysis 
produces growth, gonadotrophic, thyrotrophic, and adrenocorticotrophic 
hormones possibly from the median part of the adenohypophysis. Intermedin, 
of melanophore dispersing function, occurs and may come from the posterior 
part ; and it has been claimed that an agent with an opposite effect is elaborated 
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at the anterior end of the gland. The pars nervosa is believed to produce 
vasopressin and oxytocin. In some bony fishes the thyroid occurs in a com- 
pact organ, but in many others thj^id follicles are dispersed in the region of 
the ventral aorta. There is much evidence suggesting that thyroxin or its 
homologue has at least a morphogenetic function. Most investigators have 
failed to find parathjo'oid tissue, but there is recent evidence that the ultimo- 
branchial cells of the pharyngeal epithelium (Fig. 73 i 4 , p. 106) may be significant 
in this respect. The adrenocortical homologue or inter-renal tissue is usually 
confined to the generally l3nnphoid pronephros and may be congregated around 
the posterior cardinals and their tributaries. In many, if not all, groups 
the chromaffin tissue lies in close association within the pronephros or in the 
walls of the adjacent cardinals. The function of neither tissue has been proved 
in teleosts; but a relationship between the pituitary and inter-renal tissue 
exists. Much of the islet tissue may often occur outside the diffuse pancreas 
in the region of pyloric caeca, spleen, and gall-bladder. A hormone similar in 
effect to insulin is discharged. The bud-like corpuscles of Stannius (pronephric 
region of Holostei and Teleostei) may be secretory. In teleosts {Lebistes) the 
pineal has possibly a secretory function related to growth. 

Urinogenital Organs. — ^The kidney (Fig. 210, kd.) is formed from the mesone- 
phros of the embryo. The pronephros usually atrophies. The urinary duct 
(ur.) is the undivided pronephric duct : it unites with its fellow of the opposite 
side before opening either directly on to the exterior or into a urinogenital 
sinus. A urinary bladder is formed as a single or double dilatation of the duct. 
The right and left kidneys undergo more or less fusion, and their anterior ends 
are usually converted into lymphatic tissue (kd.'), so that, while resembling the 
rest of the organ in external appearance, they do not discharge a renal function. 

In general, marine teleosts possess fewer glomeruli than fresh-water species. 
Some, in fact, have become wholly aglomerular (e.g. the toadfish, Opsanus tau). 
This specialisation was no doubt primarily associated with a constant osmotic 
water-loss, which in turn reduces the amount of fluid traversing the glomeruli 
and, in addition, the utility of urine-formation. However, at least two 
species of aglomerular fishes can live in fresh water: 0 , tau ascends streams, 
and a tropical freshwater pipe-fish (Microphis boaja) breeds in them. 

The male organs of Lepisosteus may be taken as an example of those of 
palaeoniscoid derivatives (p. 326). The testis (Fig. 239, ts.) is a paired, lobulated 
organ. Spermatozoa from the seminiferous (uypts (lobules or tubules) are 
carried by a large number of vasa efferentia (v. ef.) into a longitudinal canal 
(I- c.) lying alongside the urinary duct (ur.). From this canal tubes are given 
off which communicate with the urinary tubules of the kidney or open diiuctly 
into the duct, so that the seminal fluid has to traverse the latter in order to reach 
the urinary bladder (bl.) and make its escape by the conunon urinogenital 
aperture (u.g. ap.). In teleosts there are no vasa efferentia. However, the 
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posterior end of the testis is directly continued into a duct (Fig. 210, v. d.) 
which unites with its fellow of the opposite side and opens either into a urino- 
genital sinus, as in the Trout, or directly on the exterior, between the anus and 
the urinary aperture, as in cods. In eels the spermatozoa escape into the 
coelom and are discharged by genital pores. 



Fig. 239.— Holostei : 
Urinoffenital system in male. 

Lepisosteus. hi, bladder; 
/. c, longitudinal canal ; ts. 
testis; u.g, ap, urinogenital 
aperture ; ur. urinary duct ; 
V, ef. vasa efferentia. (Alter 
Balfour and Parker.) 


Fig. 24o.--Holosiei: UrinoireDital system in 
female. A. Lepisosteus and B. Amia. a. 
degenerate anterior portion of kidney; bl. blad- 
der; kd. kidney; ovd, oviduct; ovd'. aperture of 
oviduct into bladder; ovd". peritoneal aperture; 
ovy. ovary; p. peritoneum; u.g. ap. urinogenital 
aperture; ur. urinary duct. (A, after ^Ifour 
and Parker; B, after Huxley.) 


The secretory elements of the testis of teleosts fall into two distinct types, 
the phylogenetic distribution of which is not yet determined. In many 
teleost fishes there are Leydig cells (p. 152) of the typical vertebrate t)^ 
such as we saw first in Petromyzon and which occur in selachians and in 
lung-fishes and Latimeria (p. 356). In others (e.g. Esox) there is no true 
interstitium. Instead, connective tissue cells of the lobule walls are seasonally 
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modified to an apparently comparable function (Fig. 97). Such a phenomenon 
occurs also in certain urodeles (p. 452) but not in anurans. 

In most palaeoniscoid derivatives (p. 326) the oviducts (Fig. 240, B, ovd.) have 
funnel-like anterior ends {ovd".) opening into the coelom, while posteriorly 
{ovd'.) they discharge into the dilated urinary duct (6/.). A similar arrange- 
ment occurs in the Smelt, one of the Salmonidae, in which the eggs are 
discharged from the outer or lateral face of the ovary into the op>en end of the 
oviduct. But in most teleosts and in Lepisosteus (Fig. 240, A) the ovary {ovy.) 
is a hollow sac continued posteriorly into the oviduct {ovd.). The eggs are set 
free into its cavity from the folds into which its inner surface is produced, and 
.so pass directly into the oviduct without previously entering the coelom. The 
lumen of the ovary can be looked upon as a shut-off portion of the coelom in 
Lepisosteus and the Teleostei. In the embryo a longitudinal fold grows from 
the ventral edge of the then solid ovary, and turns upwards along the lateral 
face of the organ. This is met by a descending fold of peritoneum from the 
dorsal wall of the abdomen. By the union of the two folds a cavity is enclosed 
and becomes the lumen of the ovary. The oviduct is developed as a backward 
continuation of these folds of peritoneum, and appears to be quite unconnected 
with the embryonic renal system, and therefore not to be homologous with the 
oviducts of selachians and Holocephali, which, as we have seen, are Mullerian 
ducts. In the Salmonidae and the eels oviducts are absent. The ova are 
discharged by genital pores, which are probably to be looked upon as degenerate 
(widucts. True abdominal pores are pre.sent in palasoniscid derivatives and in 
some Isospondyli. 

In two families, Sparidae and Serranidae, functional hermaphrodites are com- 
mon : the gonads may contain both male and female elements. Such a condition 
is distinct from the occasional intersexuality that probably occurs in all verte- 
brate species. Serranus and Lebistes have been reported to be self-fertilising. 
Seranellus subligarius has been experimentally shown to be so (Clark). 

Reproduction. — Most bony fishes are oviparous, the eggs being fertilised 
after they are laid. The eggs are always small by comparison with those of 
cartilaginous fishes, never exceeding 5-10 mm. in diameter. Usually they are 
much smaller. Externally shed eggs can be roughly arranged in two categories : 
(i) floating, pelagic eggs and (2) demersal eggs which sink to the bottom of 
the sea. Pelagic eggs generally contain an oil-globule which aids buoyancy. 
Their existence is hazardous and they are usually produced in stupendous 
numbers, e.g. a single turbot may shed over 9.000,000 eggs, and certain other 
species a great many more. Demersal eggs are usually covered with an adhesive 
substance and ding to each other and to weeds, rocks, and debris. Some 
species {e.g. sticklebacks) build nests. Some cat-fishes, and most members of 
the percomorph family Cichlidae, carry eggs and young within their own 
buccal cavity (see below). The female Bitterling {Rhodeus) deposits its eggs in 
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the siphon of a mussel by means of a seasonally developed tube-like ovipositor. 
Spermatozoa shed by the male are probably carried to the ^gs in the siphon- 
current. The male Nursery-fish {Kurtus) possess a cephalic hook in the crook of 
which is anchored and carried a grape-like aggregation of eggs deposited by the 
female. An even more bizarre nuptial specialisation is exhibited by certain 
deep-sea angler-fishes. Regan has shown that in Edriolychnm and CeroHas one 
or several diminutive males are carried firmly attached to various parts of the 
body of the female. The blood- vascular system of each parasitic male and that 
of the female host become joined. The normal male mouth-parts are degener- 
ate. The teeth and much of the digestive apparatus are sacrificed, but at the 
same time a vascular union of such intimacy is formed that it is often not easy 




Fig. 241. — ^Teleostei: Ezoparaatum. A female angler 
Edrtolychnus schmidti with three attached dwarf males (sec 
text). The males of some anglers are non -parasitic. The 
present female is only 2} inches long, and the rostral protu- 
berance is a lure. (For vertebrate examples of internal 
parasitism see p. 353.) (From Coleman, after Dana Report. 
1932.) 


to see where male tissue begins and that of the female ends (Fig. 241). Respira- 
tion in the male takes place through lateral slits. 

In teleosts, as well as in elasmobranchs (p. 278), true vivipary, as opposed 
to ovovivipary, has independently arisen. It occurs in several orders, and 
is widespread in the Microcyprini. Families of this order show an extra- 
ordinary range of phenomena, exhibiting on the one hand the birth of living 
young associated with little change from the typical oviparous structures (e.g. 
Lebistes) and, on the other, vivipary associated with a degeneration of the yolk- 
sac and the development of special structures that enable gaseous and nutritional 
exchanges with the maternal tissues. 

In the Pceciliidae the fertilised eggs remain lodged in the single ovaiy, and 
the embryos are held in the follicles until parturition. The epithelium of each 
follicle becomes a vascular syncytium. The embryonic pericardial sac of each 
embryo expands, becomes invested with capillaries, and, with the development 
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of epithelial folds, the two tissues come in contact as a pseudo-placenta not 
unlike the epitheliochorial placenta of certain mammals. 

In the Anablepidae (e.g. Anableps) a grotesque extension of this follicular 
pseudo-placentation occurs when the embryonic hind-gut temporarily expands 
and elongates. There are developed vascular bulbs on the tributaries of portal 
veins (Fig. 242). Turner suggests the possibility that additional nutriment can 
be absorbed through these structures from the parent to the gut of the embryo. 


Fig. 242.~-Tel60stei: 
Viviparity. I’artly dis- 
sected embryo of Ana- 
bleps dowei, showing re- 
lationship of pericardial 
and cceiomic cavities, 
and expanded posterior 
intestine. The embryo 
IS retained until parturi- 
tion within one of the 
ovarian follicles, the epi- 
thelium of which is trans- 
f(jrmed into a follicular 
pseudO‘Placenla and an 
association between ma- 
ternal and embryonic 
circulations comparable 
with the mammalian 
epitheliochorial placenta 
(p. 904) is formed. 

(From Amoroso, re- 
drawn after Turner.) 



In one cyprinodont family — the Jen5msiidae — the embryos are retaiined not 
in the follicles, but are ejected into the adjacent ovarian cavity. Here the 
epithelium becomes first secretory, and next sheds huge numbers of cells. The 
j)roducts of these, together with the remains of autolysed non-viable embryos, 
are ingested by the surviving yoimg. As embryonic development proceeds, 
the ovarian tissues regress, and there are finally developed in the cavity a 
series of vascular folds which come in contact with the embryonic gills, and 
thereby allow a gaseous and nutritional exchange between ovary and the gills 
of the embryo. 

Many instances of parental care of the young are known. A few species 
such as the Sea-horse {flippocampHs) and the pipe-fishes (S)mgnathid8e), develop 
their young in a pouch (Fig. 219, brd. p.) on the abdomen of the male. In the 
siluroid Aspredo the eggs are pressed into the soft, spongy skin of the female 
(and thus carried about). Parental care is highly developed in the fresh- 
water family Cichlidae, of which TUapia, an African genus, is an example. 

When the breeding season approaches the male becomes aggressive and 
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selects and defends a territory of lake-bottom. Ne.xt he excavates a small pit 
with his mouth. There now follows an active courtship, after which the eggs 
are laid in the nest and then fertilised by the extrusion of spermatozoa. Now 
occurs a most extraordinary thing in many, but not all, species of Tilapia. 
The female gathers up the eggs into her mouth, where they are brooded. When 
hatched, the very small young still take refuge in the mother’s mouth, ventur- 
ing out as they grow older, and retreating in times of danger. When they are 
about twenty days old, and still only a few millimetres long, they do not return 
and thereafter fend for themselves. 

Tilapia nilotica, a fish that is common in the Sea of Galilee, is one of the 
mouth-brooding species of Tilapia. If a brooding female is picked up, the eggs 
often fall from her mouth. It is not impossible that this phenomenon inspired 
the command to St. Peter, attributed to Jesus : ' Go thou to the sea, and cast a 
hook, and take up the fish that first cometh up; and when thou hast opened 
his mouth, thou shalt find a piece of money; that take and give unto them for 
me and thee.’ T. nilotica does in fact lay golden eggs. Those of T. gallilea 
and a few others lay green ones. All species of T ilapia possess, when young, 
a dark spot near the posterior end of the dorsal fin. This is often called the 
‘ Tilapia-maxk’ . It is sometimes called ' St. Peter’s mark ’, allegedly left by the 
fisherman saint when he picked the animal up. In most species the St. Peter’s 
mark disappears when the fish gets older. 

Development.— In all palseoniscoid derivatives hitherto investigated, with 
the exception of Lepisosteus, cleavage is complete. In Acipenser and Amia it is 
very unequal, the macromeres being immense as compared with the micro- 
meres. In Polypterus it is equal at first, becoming unequal later: the process 
may be said to be intermediate between the holoblastic and meroblastic types. 
In Lepisosteus the segmentation is meroblastic, the fissures not extending much 
beyond the equator of the egg. In Teleostei segmentation is always partial 
and discoidal. The general features of development are much the same as in the 
Trout, except that in sturgeons and Polypterus, as in craniates in general, there 
is an open medullary groove which becomes closed in to form a medullary canal. 
There is frequently a metamorphosis. In Lepisosteus, for instance, the newlj'- 
hatched young is provided with a sucking-disc, and the proportions of the head 
are quite different from those of the adult. In the larval sturgeon provisional 
teeth are present, and in many teleosts the young differ from the adult in the 
presence of large spines which by increasing the surface area probably aid in 
flotation. The pelagic larvas of eels are strongly compressed, transparent, and 
have colourless blood (see p. 343). 'They are sometimes known as ‘glass-fish’, 
and until their real affinity became known were placed in the ‘genus’ 
Leptocephalus. One such leptocephalus larva, the adult of which is probably 
still unknown, is 184 cm. long. This, the biggest larva ever described, was 
taken by the Dana Expedition west of the Cape of Good Hope in 1930 (Taning). 
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The young of Polypterus possess external gills (Fig. 243; see also Fig. 262). 

An especially remarkable developmental sequence occurs in Carapidae or 
fierasfers. Carapus acus, for example, produces planktonic eggs, from which 
hatch vexillifer larvtB, each equipped with a long dorsal vexillum or banner. 
This degenerates, and the larva sinks to the sea-bed and enters the anus of a 
holothurian. The larva now metamorphoses into the tenuis stage, which feeds 
on the holothurian tissues and next changes into a juvenile and later into an 
adult. 


Fig. 243. — Holostei: Development. 

External gills {E.G.) in advanced larva 
of Polypterus hichir. (From Dean, 
after Steindachner.) 



Internal parasitism. — The adult Carapus is capable of feeding both inside 
and away from the host. As many as seven parasites may occur in a single 
holothurian. A second group of internal (and external) parasites are the 
slender South American freshwater pygiidid candiru (e.g. Vandellia spp.) 
which enter the gill-cavities of bigger fishes and feed on the soft tissues within. 
Vandellia sometimes penetrates the urethra of Man and cow if they micturate 
while in the water. 

SUB-CLASS CROSSOPTERYGII (CHOANICHTHYES) 

INTRODUCTION 

It is appropriate to deal with these, the crossopterygians (lung-fishes and 
allies) , last and therefore immediately before the Amphibia. At the same time 
it must be clearly understood that even though they show certain undeniable 
features in common with tetrapods, they merely represent one branch of three 
widely different branches of piscine evolution and, in themselves, cannot be 
thought to be ' higher ’ in the scale of animal classification than either the elasmo- 
branchs or actinopterygians. We will see, however, that the development by 
this stem of the aerial respiratory apparatus and other specialisations made 
possible the revolutionary movement of fish-like animals to dry land, and the 
consequent evolution of the tetrapods (p, 381). On grounds of microscopic 
anatomy as well as general morphology there is something to be said for 
separating the crossopterygians as a class by themselves. 

It is probable that this sub-class, though once abundant in regard to in- 
dividuals, has never been very extensive. To-day it is probably reduced to 
one recently discovered ccelacanth (p. 356) and to a few species of Dipnoi (p. 
361), themselves aberrant members of an ancient side-line. 
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The earliest fossil appearance of the Crossopterygii is during the Middle 
Devonian period, by which time three separate groups, the Osteolepidoti, 
Coelacanthini, and Dipnoi, were already clearly established. Westoll has 
provided good evidence that the early Dipnoi were closely related to contem- 
poraneous Rhipidistia (see below). From the latter the Actinistia (=CoBla- 
canthini) are an ancient branch. The extant Laiimeria, and lung-fishes as well, 
preserve many archaic characters. Because the Coelacanthini and the Osteo- 
lepidoti are far more closely allied to each other than to the Dipnoi (lung- 
fishes), Trewavas et al. have proposed the classification which is here adopted ; 

SUB-CLASS CROSSOPTERYGII 
Order Rhipidistia 

Sub-orders Osteolepidoti (Devonian-Permian) 

Coelacanthini (Aetinistia) (Devonian-Recent) 

Order Dipnoi (Devonian-Recent) 

Order Rhipidistia 

Although the members of this group are in some respects too specialised to 
be themselves ancestral to the coelacanths, lung-fishes, or tetrapods, the order 
may nevertheless be considered as the central one, from whose earlier, less 
specialised, roots the three above-mentioned branched off on their own lines of 
evolution. We shall see later (p. 382) that there is much reason to believe that 
the prototetrapod came from a generalised rhipidistian crossopterygian which 
was already well differentiated ‘in earliest late Devonian times’ (Westoll). 

SUB-ORDER OSTEOLEPIDOTI 

Osieolepis macrolepidotus (Fig. 244), the earliest well-known rhipidistian 
species, illustrates all the main features of the sub-class, as well as the particular 
features of its group. Compared with a primitive actinopterygian, such as 
Paltsoniscus (p. 285), there were several points of variation in addition to 
such absolutely fundamental differences as the internal nostril and the cosmoid 
structure of the scales and head-bones. Among these were the two dorsal fins 
instead of one, the smaller eye with numerous sclerotic plates, as well as paired 
fins of the archipterygial type with a single basal element articulated with 
the shoulder-girdle. The dentition showed two peculiar features. The pre- 
maxilla, maxilla, and dentary were supplied with a number of small, sharp, 
conical teeth, such as occur in many fishes, but the prevomer, palatine, and 
ectopterygoid had, in addition, a series of larger teeth of a characteristic 
structure and method of replacement. The dentine was much folded, and 
replacement was alternate, a second tooth growing up beside the first, so that 
there was a large and a small socket side by side. Such an arrangement does 
not occur in other fishes. It is of high interest that both the above features 
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have also been transmitted from some earlier ancestor to the tetrapods, as is 
shown by the ‘labyrinthodont’ teeth of the early Amphibia (p. 422). The 
arrangement of the jaws was autostylic. The suspension therefore resembled 
that of the earliest gnathostomes (p. 203), as well as that of the Amphibia.^ 
Gills, guarded by opercula, were present. 



Fig. 244.— Order Rhipidutia, Sub-order Ostedepidoti, Family OgteolepidflB. Osieolepin, A bove: 
Reconstruction of the Devonian O. ntacrolepidoius (after Traquair). Osteolepiform fish already 
possessed an interclavicle which is retained by primitive amphibians (.see p. 425). The hinge 
between parietals and post-parietals was lost (Fig. 285, p. 427). Below: Skull, in dorsal and 
lateral views (modified after Save-Sdderbergh). Ext, I, and Ext. m. extra-scapulm; Fr, 
parietal; G, gular; It. supra-temporal ; La. Lachrymal; Md. dentary; Mx. maxilla; Op, 
opercular; Pa. post-parietal; Po. post-orbital; P. Op. pre-opercular; Qu. J. quadratojugal; 
S. op, sub-opercular; Sq. squamosal. (After Savc-S6derbergh.) 


The tail of the Rhipidistia, having a small epichordal lobe, was partly 
heterocercal. The composition of the ossified skull was, in general, not unlike 
that of a palsponiscid, but there was one important and characteristic point of 
difference ; in all rhipidistians (Fig. 244) there is a line running transversely 

^ Jarvik's (1954) reconstruction of Eusthenopteron shows a hyoid arch which almost certainly 
bore a normal posterior hemibranch. There is also evidence of a vestigial prespiracular pouch. 


356 


ZOOLOGY 


across the skull between the parietal {frontal in older nomenclature) and 
postparietal {parietal) bones. This divides the skull into two portions. This 
feature alone would prevent any known form from being regarded as ancestral 
either to the dipnoan or tetrapod lines. 

There is evidence that in early members of both orders there is an alter- 
nate deposition and resorption of the outer layer of cosmine in the skull-bones 
and scales during the life of the individual fish. This periodical absorption 
may have allowed the bones to grow and expand. As much of the detailed 
classification of extinct forms has been based on the structure of the scales, 
the recognition of this phenomenon may alter considerably the arrangement 
within the order (Westoll). Genera are as follows: Osteolepis, Megalichthys, 
Thurskts, Eusthenopteron, Rhizodus. 

SUB-ORDER CCELACANTHINI (ACTINISTIA) 

The Coelacanthini, represented to-day by a single family, are a side line of the 
Crossopterygii which appear first in Upper Devonian deposits. Fossils occur 
both in fresh- and salt-water deposits. In the Carboniferous period (p. 3) 
Calacanthns, for example, was a fresh-water animal ; whereas Undina (Fig. 245) 
and other Mesozoic ccelacanths were marine. No post-Mesozoic ccelacanth 
fossils have been found, and until 1939 it was thought that the Coelacanthini 
had been extinct for some 50,000,000 years. Then a live specimen was trawled 
up off the east coast of South Africa. This fish, Latimeria chalumna (Fig. 246), 
was caught at about 40 fathoms and was some 5 feet long and weighed 127 lb. It 
was steel-blue in colour. Subsequent living specimens have been described as 
possessing eyes of a greenish-yellow luminescence. Unfortunately, before their 
extraordinary value was fully appreciated the viscera of the first specimen 
was destroyed; only the skin was preserved. J. L. B. Smith, who dc.scribed 
Latimeria, now began an intensive effort to get further specimens with soft 
parts intact, and due to his initiative a second ccelacanth was recognised 
in a native fish-market on the remote island of Anjouan in the Comoro Archi- 
pelago late in 1952. This specimen, ironically enough, was caught with a 
fish-baited hook at about 8 fathoms some 200 metres off-shore. It was 
abnormal, having lost its dorsal fin and supplementary tail-lobe (no doubt in 
youth), and was described as a new genus and species. Subsequently, several 
more Latimeria, including one alive, have been captured and extensively 
studied by Millot and his associates. The new generic name proposed by Smith 
must be relegated to S3mon3miy. 

Fossil specimens {Ccelacanthus, Macropoma, Undina, etc.) had long revealed 
that the Coelacanthini has the same general organisation of skull and scale 
Structure as had the Osteolepidoti, together with some very definite specialisa- 
tions of its own. It would seem that internal nostrils, if they ever existed, 
were lost very early in the evolution of the group (see Fig. 248). The structure 
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of the fins and tail, and the peculiar, calcified swim-bladder are highly character- 
istic. The paired fins have the superficial appearance of those of an actinopt- 
erygian. There is a short, blunt, and scale-covered lobe, around which the 
fin-ra3« are attached as a fan. The fins are pedunculate, their soft-parts 
affording important information concerning the evolution of limbs, although 
it must be emphasised that coelacanths are off the main line of tetrapod 
descent. Such a narrow-based paddle, mechanically imperfect for aquatic 
progression, was adapted for locomotion on a solid or semi-solid sub-stratum. 
Observations by Millot on a captive ccelacanth have shown that it swims 
by curious rotating movements of its pectoral fins, while the second dorsal 
and anal fins, also highly mobile, serve together with the tail in steering. 



Fie. 243. Order RhipuUitia, Sub-order OadacMithini, Family OoBlManthidse. Vndina. 

U . penicillata. (Triassic and Jurassic.) J, gular plates. (Alter Smith Woodward.) 


Millot has shown, too, that a remarkable limb flexibUity exists. The orienta- 
tion of these lobe-like fins varies greatly (by as much as 180 ) even between the 
two sides of one individual. These data support the palaeontological work of 
\yJio emphasised the probable tetrapod descent from rhipidistian 
ancestry involving the development of lamd-limbs from muscular, and hypo- 
thetically flexible, lobe-like paddles (Fig. 246). 

The internal skeleton of the fins of Latimeria consists essentially of a single 
basal plate. This is attached to the shoulder-girdle in the case of the pectoral 
fins. Each basal plate is followed by a few axial pieces aroimd which the fin- 
rays are arranged, so that the fin appears to be essentially mesorhachic or 
archipterygial. The pelvic fin in extinct forms (e.g. the Triassic Laugia and 
Jurassic Coccoderma) has come to be attached near and below a tiny true 
pectoral fin. This anterior migration was repeated in the unrelated actino- 
pterygian teleosts 100 million years later. 

Of the two dorsal fins, the anterior is supported by a bony plate, and the 
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posterior by an osseous structure not unlike that of the pectoral fin. The tail is 
diphycercai. with a small central projecting lobe. The fin-rays are attached 
each one singly to a dorsal or ventral spine of a vertebra. This is another point 
of convergence with the later teleosts. The vertebral column, apart from the 
spines, is unossified. There is a massive, unconstricted, and wholly cartila- 
ginous notochord. Neural and haemal processes occur. 

The skull, while showing a number of specialisations, is like that of the 













Fig. 2^6.— Order Rhipidiitia, Sub-order Coelaeanthini, Family Latimeriite. Latimer ia 
chatumnas^ For cephalic details, see Figs. 247, 248. (Redrawn after Millot.) 


Osteolepidoti in possessing a powerful and freely movable hinge on the dorsal 
surface between the parietals and post-parietals (p. 355). This feature, together 
with the traces of cosmoid covering of the bones and scales, is further evidence 
of the common ancestry of the two sub-orders. 

There are five gill-arches. Four only of these are attached to the copula. 
The smallest and fifth gill-arch has no slit behind it. The top of each arch bears 
a series of small plates which are covered with sharp spines of variable size. 
Two extensive sensory systems occur in the rostral region (Figs. 247, 248). 
They are quite distinct from each other. One consists of a larger single- 
median chamber from which three paired rostral tubes communicate with the 
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exterior. Of these, the postero-superior and postero-inferior rostral tubes 
emerge near the orbit and the anterior rostral tube near the point of the snout 
(Fig. 247). There is no cir- 


culation of water through 
this apparatus, which is 
permanently full of a jelly- 
like material recalling that 
of the ampullae of Lorenzini 
(p. 251}. Its function is 
uncertain. The second 
apparatus is olfactory in 
function. It is paired, 
contains a nasal capsule, 
and communicates with the 
exterior by means of 
t3^ical nasal tubes. Each 
anterior nasal canal em- 



erges through one of the 
paired rostral papillae near 


Fig. 247. — idUtmerta: HmA and wnsonr organa. (See 
text and Fig. 248.) (Redrawn after Millot and Anthony.) 


the extremity of the snout. Each posterior nasal canal, on the other hand. 


opens to the cheek by a brief inconspicuous slit between the postero-inferior 



Fig. 248.— IrfiMmoHa.* Seasotr organa. (See text 
and Fig. 247.) (Redrawn after Millot and Anthony.) 


rostral tube and the pseudo- 
maxillary fold. In general, the 
nasal apparatus resembles that 
of Polypterm. 

After the first (eviscerated) 
specimen of Latimeria was de- 
scribed, there was much specula- 
tion concerning the probable 
form of the swim-bladder. 
Millot has now shown that the 
organ is variable and sometimes 
vestigial. A mere tube, two or 
three inches long, extends from 
the ventral aspect of the oeso- 
phagus, and is prolonged by a 
long, fat-sheathed filament that 
divides to an attachment with 


the dorsal wall of the abdominal cavity. This reduction suggests that its original 
function in Laiimeria stock may have been more pulmonary than hydrostatic, as 
might be expected. Further, no esswitially pulmonary sac would be likely to 
survive the retreat into relatively deep water and the assumption of wholly 
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aquatic respiration, but it has also to be remembered that the functional 
hydrostatic organ is at times most erratic in its distribution even within a genus. 

Both the duct and its filament are surrounded by dense layers of homo- 
geneous fat. constituting altogether a large fatty cord more than an inch in 
diameter. The flesh of Lcdimeria, too, is extremely oily, no doubt making for 
increased buoyancy (p. 349). The heart is exceedingly primitive — even more 
so than in the selachians (p. 240). The student is already familiar with the 
original simple longitudinal pump plan of the four chambers — ^bulbus cordis, 
ventricle, atrium, and sinus venosus — and how the characteristic S-flexure 
has become increasingly elaborate in tetrapod evolution. The coelacanth 
heart remains relatively unfolded ; in fact, the atrium has for the most part 
remained posterior to the ventricle. ‘ These fishes hstve thus retained up to the 
adult stage the mechanism most akin to the original vertebrate heart' (Millqt). 

From the buccal cavity, a remarkably wide, fluted, and muscular oesoplia- 
gus leads imperceptibly into the long, spacious, double-limbed stomach, the 
posterior end of which is well behind the anus. Fish-prey can be swallowed 
whole. The transition between oesophagus and stomach can be determined 
only by its microscopic glandular structure ; the long, tubular fundus glands are 
very well-developed. The gastric mucosa is dense. There is no cardia. A 
prominent a nnular sphincter allows ingress to a short chamber, probably an 
adumbration of the bursa entiana which occurs in many fishes and which opens 
into a ‘sub-fusiform spiral intestine en rouleaux showing nearly a score of 
concentric turns’ (Millot). This leads to a rectum and cloacal pouch — the 
latter bearing a single urinogcnital papilla. The cloaca receives also secretions 
from a nearby encapsulated, median, nodular gland, which, though different 
from it, is possibly homologous with the digitiform (rectal) gland of selachians 

(P- 239)- 

The liver is bi-lobed, the left lobe being considerably the larger. A capa- 
cious gall-bladder occurs. The pancreas is prominent. The kidneys are fused 
into a single median organ which is applied to the ventral wall of the abdominal 
cavity. The ureters are symmetrical, and expand dorsally each into a volu- 
minous bladder : thus the bladder is paired, and the kidney unpaired. The 
urethras are symmetrical as they enter the urinogenital papilla. The testes 
are paired, partly segmented, and held posterior to the anus. The large urino- 
genital aperture lies immediately behind and between the bases of the paired 
pelvic fins. 

Despite profound changes in the swim-bladder (a notoriously adaptive 
organ), and the fact that only a bare outline of the anatomy is yet available, it is 
nevertheless obvious that in Laiitneria we have an animal of extraordinary 
stability. The fish has persisted relatively tmchanged from an era in which 
profound changes took place (p. 383), and became stabilised at a particularly 
instructive period of vertebrate history. 
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Order Dipnoi (Dipneusti, Dipneumones) 

The peculiar lung-fish^ are a Devonian offshoot from the crossopterygian 
stem. They still survive as three degenerate and specialised forms in widely 
separated tropical, or sub-tropical, fresh-water habitats of a special kind 
(Fig. 249). Lung-fishes appear first in mid-Devonian deposits, and were well 




Fic. 249.— Long-fishes: Diseontinnons 
distribotion. A. Protopterus, B. Lepido- 
Siren, C. Neoceratodus. These dipnoan 
survivors are to-day confined to near- 
tropical {Neoceratodus) and tropical {Pro- 
topterus, Leptdosiren) freshwaters, Neo- 
(vratodtis is restricted to two adjacent 
rivers; the black area shown is much 
too extensive. (After Norman.) 



differentiated even then. They flourished moderately in the Permian and 
Triassic, and then became rare. 

The living dipnoans are Neoceratodus of south-eastern {not tropical) Queens- 
land (once called the ‘ Burnett Salmon ’),^ Protopterus of Africa, and Lepidosiren 

* This singular fish was formerly casually eaten by people who were unaw'are of its interest. 
It is now rigidly protected by law. After Krefft in a newspaper of 1 870 described what settlers 
called the * amphibious fresh-water-salmon he wrote some doggerel« probably for the amusement 
of his small son, from which the following is an extract : 

Lucullus ate Muraena rare, 

In Rome the daintiest dish. 

But Squatters on the Burnett dined. 

On geologic fish. 

(A 'squatter* in the original early nineteenth -century Australian sense was usually, but not always, 
a reputable immigrant who took up vacant grazing-land, often under fee and licence. The term 
there has become respectable.) 

VOL. II * 
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of South America. The name of the order, given before the structure of 
the extinct types was fully known, refers to the two internal nostrils (choanae) 
which henceforth becomes a feature of the tetrapods. A study of living limg- 
fishes throws considerable light on the probable anatomy of the soft parts of the 
extinct forms. Each extant form not only breathes by means of gills but has a 
highly-developed apparatus for the respiration of air — a lung (Neoceratodus) 
or lungs {Protopterus, Lepidosiren) — ^with a co-ordinated arrangement of the 
circulation. Among other groups a comparable arrangement is found only in 
Polypterus and Amia. Neoceratodus is able to live in stagnant water that is 
toxic to certain other species, but nevertheless dies if removed from water. 
Protopterus and Lepidosiren can survive the drying of the environment by 
aestivating in mud with a small aperture to allow ‘respiration. The former 
secretes a slimy protective cocoon. In both Protopterus and Lepidosiren ,an 
epiglottis (p. 668) occurs. The lung-fishes have bony scales which differ 
among genera, but their relationship with the ancient cosmine scale (p. 83) 
seems well established. Dermal fin-rays occur. The paired fins, however, 
unlike those of anj' other fishes (with the exception of certain extinct Chondrich- 
thyes and crossopterygians), are constructed on the biserial plan (‘ archiptery- 
gium', see pp, 99, 224). 

With special features of their own, the Dipnoi combine also characteristics in 
which they resemble now one, now another, of the other groups of fishes. The 
notochord is persistent. There are no vertebral centra, and the primary cra- 
nium persists with little ossification, but has added to it a number of investing 
bones (p. 302). There are four to six cartilaginous branchial arches. The 
dermal fin-rays are slender more or less ossified fibres and are supported by 
numerous cartilaginous or ossified ptetygiophores. The caudal fin is often 
apparently diphycercal. The pectoral arch is a single cartilage with a pair of 
superficial investing bones on each side. The pelvic arch is well-developed and 
cartilaginous. The gills are covered by an operculum. There is a dermal skele- 
ton formed by over-lapping cycloid scales. The heart is peculiar and to some 
degree approaches that of the Amphibia. The atrium and the sinus venosus arc 
each imperfectly divided into two parts. The contractile conus arteriosus, 
which has a spirally twisted form, is partly or completely divided by a longitu- 
dinal partition. A pulmonary artery is given off from the efferent branchial 
system on each side, and a pulmonary vein opens into the left division of the 
atrium. In Lepidosiren and Protopterus the larva possesses both suckers and 
external gills. In the latter genus, remains of these gills may persist in the 
adults of some species. The stomach has been secondarily lost in so far as 
histological structure is concerned. 

“Die central nervous system is interesting in its undivided, or almost 
undivided, mid-brain ; and the pallium of the cerebral hemispheres, with its 
layers of ner\’e-cell.s, has no parallel among the lower vertebrates so far con- 
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sidered. The paired oviducts open anteriorly into the coelom, and male 
vasa efferentia carry sperms through the excretory part of the mesonephros 
(Fig. 260. p. 376). 

The sub-class was never a very large one, but a succession of extinct genera 
is known that leads clearly to the modem sp>ecies. A number of characters is 
common to all members of the order. The internal nostrils, cosmine covering of 
the bones and scales, and the mesorhachic fin all show that the Dipnoi evolved 
originally from an ancestor in common with the other crossopterygians. The 
jaw suspension is autostylic, the lower jaw articulating with a palatoquadrate 
process that is immovably fixed to each side of the skull. The characteristic 
pattern of the teeth is peculiar to the order. During the long history of 
the group its component members, while retaining all the essential anatomical 
features, show a gradual degeneration of certain parts. This can be seen in the 
bones of the skull, in a loss of cosmine, and in an alteration from the normal two 
dorsal fins and heterocercal tail to the almost eel-like body of Lepidosiren, 



Fig. 250.- Order Dipiun {D. valenctennesi). Family DvtetUto. Diplerus. From something 
like this Middle Devonian form a Mine' is traceable through Ceratodus ('I'riassic) to Neoceratodus 
(Fig. 249). Prolopterns and Lepidosiren represent an ancient side-line. (After Forster-Cooper.) 

This fish has fused dorsal and anal fins, a gephyrocercal tail, thread-like paired 
limbs, and reduced scales (Fig. 249). 

Dipterus valenciennesi (Fig. 250), the most primitive known form, had 
a body protected with stout cycloid scales covered, as were the bones of 
the head, with cosmine. The archipterygial paired fins were moderately long ; 
there were two small dorsal fins, a heterocercal tail with a small epichordal lobe 
.and an anal fin. The skull was completely roofed in by bones so numerous 
that their homologies, especially of those in the front region, with the head 
bones of other fishes are difficult to determine. There were no premaxillae 
or maxillae, amd the bones of the palate were firmly fixed to the neurocranium 
and so produced the autostylic condition. There wais a double series of gular 
bones between the rami of the lower jaws. The upper teeth were borne on the 
prevomers amd palato-pterygoids, the former smadl, the latter a larger series of 
tubercles arramged ais a pair of fans. These padatal teeth were in later forms 
fused into characteristic tooth-plates. A single paur of tooth-plates of corre- 
sponding pattern are carried on the lower jaws by the splenials. 

Dipterus showed am interesting feature in the life-history of individuad 
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^ nimak Originally there were described two species of the genus, D. platy- 
cephalus and D. vaknciennesi, both found preserved in the same horizons. The 
specific differences between the two lay in the fact that D. plaiycephalus had 
a completely bony snout, and the bones of the head and the scales are covered 
by a thick, smooth, and finely pitted outer layer of cosmine, which hid the 
underlying pattern of the scales, whereas D. vaknciennesi had the front part 
of the snout without bone and the scales lack the outer layer, so that the 
pattern is clearly visible. It now appears that this apparent diversity may 
be explained as seasonal differences of a single species (Z>. vaknciennesi). 
At recurring intervals during the life of the fish the outer layer of cosmine is 
resorbed to allow growth to take place. It is then re-deposited. Specimens 
have been found in the intermediate condition. ’ j 

Representative genera of Dipnoi were Dipterus (Middle Devonian), P^- 
landia, Phaneropleuron, Scauntenacia, and Fkurantia and Rhynchodiptems 
(long-snouted fishes) of the Upper Devonian. Others were Uronemus (Lower 
Carboniferous), Conchopoma (Lower Permian), Ctenodus, Sagenodus (Carboni- 
ferous and Permian). Of the living forms, Proiopterus (Fig. 249) is known 
from the Miocene (with close allies from the Triassic onwards). Neoceratodus 
(Fig. 249) has apparently changed relatively little during the last 150 million 
years. Its widespread Mesozoic ancestor, Ceratodus, was described long before 
the extant Australian fish, dealt with below, was discovered. 

Living Dipnoi belong to two sub-orders arranged as follows : 


SUB-ORDER MONOPNEUMONA 

Dipnoi in which the lung is single, and the lateral jointed rays of the 
‘archipterygium’ are well developed. There survives only the Australian 
Neoceratodus forsteri (Fig. 249).^ 

* A brief note may be made concerning 'Ompax spatuloides’ (Jordan, D. S. (1919), Genera of 
Fishes, iii, 399), which was described by Count F. de Castelneau from dravrings and other informa- 
tion in 1879. This interesting and perplexing specimen was described as ‘ a ganoid nearly allied to 
Aira^osteus' , and possibly to Polyodon, constituting a new species, genus, ‘and probably a new 
family’. Very soon after its description there arose not inconsiderable doubt as to its authen- 
ticity, particularly as Count de Castelneau related that its discoverer, a museum director visiting 
the Burnett River, had been presented with the fish cooked, whereupon it had been consumed for 
breakfut. However, being impressed by its shape, the visitor had first had the animal drawn by 
a passing road-inspector. The sketches were despatched to the Count, together with field data 
suggesting that the specimen had been caught by aborigines in a water-hew where it lived with 
Neoceratodus. Many unsuccessful searches for further specimens were made. Not until half a 
century later, however, was the full story of 'Ompax' revealed. A group of lung-fidi conscious 
stockmen, hearing that a museum man was visiting the area, had determined that he should meet 
with a second ‘ living fossil'. They thereupon made him one: it was composed of sevoal fishes, 
including perhaps Neoceratodus. From that time onwards, whenever anything peculiar in the 
loc^y was describ^, bushmen would say sardonically: 'It must be an Ompax.' (See ^^itley.) 

OmpM spatuloides ’ arose out of the almost universal desire to make a fool of the expert 
More such hoaxes (as distinct from serious frauds, pp. 454, 746) have found their way into soological 
hterature than is generally realised. 
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SUB-ORDER DIPNEUMONA 

Dipnoi in which the lung is double, and the lateral rays of the 'archi- 
pterygium' are vestigial or absent. This group includes Protopterus (Fig. 251) 
of Africa and Lepidosiren paradoxa of South America (Fig. 249). 

EXAMPLE OF THE SUB-CLASS.- PROTOPTERUS JETHIOPICUS 

The genus Protopterus is confined to the fresh waters of tropical and sub- 
tropical Africa and is composed of the following four species: P. eethiopicus 
(Fig. 251), P. annectens, P. atnphibius, and P. dolloi. The fossil history of the 



Fig. 231. — Order Dipnoi, Sub-order Dipaonmona, Family Lepidofinnidat. ProtopteriM 

(pthiopieus. Aerial respiration in the East African Lung-fish. Respiration is essentially pul- 
monary from a very early age. Degenerate internal gills are retained (Fig. 258) but the fish must 
surface periodically. It inl^es for a few seconds, then dips its tail above the surface and plunges 
downward again. 


genus, unlike that of Neoceralodus, is obscure. P. (etkiopicus occurs in the 
tropical Lakes Victoria, Kyoga, Edward, and Albert and in the River Nile. 
Within the area of its present-day distribution, tooth-plates have been found 
in Miocene and Pleistocene deposits (p. 3). 

P. athiopicus attains a length of about seven feet and a weight of 90 lb., 
but a fish longer than five feet is exceptional. It is widely distributed within 
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the lakes, occurring most abundantly in shallow water. It thrives in swamps 
where other fishes are not frequently found. It is able to rise to the surface and 
gulp air through the mouth into its lungs, thus obtaining enough oxygen to 
respire and so gain independence from dissolved oxygen in the water (Fig. 251). 
The West African P. annectens is able to spend long periods of aestivation under 
the mud in cocoons formed by dry mucus when the temporary swamps and 
rivers become periodically dry. The bulk of the population of P. eethiopicus is 
not compelled to aestivate and cocoons are not commonly found in nature. 
The species has been induced to aestivate under laboratory conditions (Homer 
Smith). As the water recedes, Protoptems burrows head-first into the ooze, 
and then reverses its position until the snout is just beneath the surface of 
water. As long as water remains, the fish surfaces regularly to breathe. 
When the mud-flat becomes exposed the fish coils upright in ooze, up to abput 
18 inches below the surface, with its tail covering the eyes. The epidermis 
secretes mucus, which hardens into a waterproof cocoon as the surrounding mud 
solidifies (Fig. 259). The cocoon is perforated by a breathing tube which 
connects the fish’s mouth but not the nostrils with the exterior (see. p. 375). 
If exposed naked during this period, its skin shrivels and the fish dies within 
twenty-four hours. Inside its protective, fluid-retaining cocoon P. cethiopicus 
has lived for as long as three years in experimental a:stivation. 

The food of P. cethiopicus consists mainly of molluscs, although insects and 
small fishes are also eaten. Its movements are generally sluggish. The 
filamentous and highly mobile paired fins are well-supplied with receptor- 
organs which probably assist in the location of food. Protoptems moves in two 
different ways. Swimming is of an anguilliform type. In addition, it is able 
to ‘ walk ’ along the bottom and through weeds by using its pectoral and pelvic 
fins as ‘ legs ’. 

External characters. — The eyes are small. The body is elongate and 
cylindrical, and covered with thin, bony imbricating cycloid scales. There is a 
continuous dorsal, anal, and caudal fin, supported by fibre-like, partly calcified 
dorsal rays {camptotrichia) which are more numerous than the endoskeletal 
radials. The limbs (pectoral and pelvic fins) are elongate and filamentous and 
are devoid of fin-rays. 

The external nares differ from those of other vertebrates in being situated 
immediately outside the aperture of the mouth enclosed within the upper lip. A 
pair of internal nares open not far behind them into the anterior part of the 
mouth cavity, immediately in front of the upper tooth-plate. About two- 
thirds of the distance from the snout to the tail extremity there is a cloacal 
aperture. Two abdominal pores, opening into the cloaca, may be present, but 
usually they are confluent and have a single external opening. 

There is an operculum, similar in appearance to that of other bony fishes, 
covering the branchial opening and bordering the single, slit-like branchial 
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aperture of each side. No spiracles occur. The laleraUline system is well 
developed, especially on the head (Fig. 251). 

Endoskeleton* — ^The spinal column is represented by a persistent noto-» 
chord enclosed in a thick, fibrous sheath, together with cartilaginous neural and 
haemal arches. The notochord — there are no vertebrae in modern Dipnoi — 
extends to near the pituitary region, and there is no distinct joint between the 
skull and vertebral column, which pass gradually into one another. 


A? 



U 


Fig. 232. — Protopterun: Skull, shoulder girdle, and pectoral fin. splcnial; A,F, pre- 

orbital process; a and h (on lower jaw), and SL. teeth: b. basal cartilage of pectoral fin; B. 
ligamentous band connecting the mandible with the hyoid ; co. ligamentous band connecting the 
lUirsal end of the pectoral arch with the skull; J). angular; FP. frontoparietal; Ht. membranous 
fenestra perforated by the foramen for the optic nerve {II); Hy. hyoid; K. external gills; Kn. 
Kn^. cartilage of the pectoral arch; Kli. occipital rib; LK and MK. investing bones of the pec- 
toral arch; NK. olfactory capsule; Ob. auditory capsule; Occ. supraoccipital ; Op. and Op^. 
rudimentary opercular bones; PQ. palatoquadrate ; Psp. Psp^. spinous processes of the anterior 
vertebra*; SP. supra-ethinoid bone; SK. roofing investing bones; 7>. palatoquadrate cartilage ; 

anterior vertebra* coalescent with the skull; I — V. branchial arches (that marked I is 
forked and the anterior bar may repre.sent the first, in which case there are six branchial arches) ; 
I. 2 , 3, segments of axis of pectoral fin ; vestigial lateral rays of pectoral fin. t, f, projecting 
processes of free ])ortion of Meckel’s cartilage. (After Wiedersheim.) 


A series of neural or basidorsal cartilages form the bases of the neural arches. 
These basidorsals extend upwards and form partly ossified neural arches which 
meet above the spinal cord. A longitudinal ligament runs along the top of the 
arches, and above it are a series of neural spines. The last-named fuse with the 
basidorsals in the posterior part of the column. This region is provided with 
haemal or basiventral cartilages. Each neural and haemal spine forms the 
proximal segment of a continuous, three-jointed, ossified rod. The two other 
segments of the rod are the radials. No centra are formed. Although the 
notochord is impressed by the basidorsail and baaiventrad cartilages, it is not 
constricted as in bony-fishes. 
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Pleural ribs are present, and extend downwards and somewhat posteriorly 
in the body-wall immediately outside the peritoneal membrane. The arrange- 
ment resembles that of the pleural ribs in other bony fishes. The first pair 
(the occipital ribs) are thicker and more massive than the others and are 
connected with the skull. 

In the skull (Fig. 252) the cranial roof and walls, internal to the jaw muscles, 
arc largely formed from the so-called parietal bones. L5dng above and lateral 

to the parietals are the 
ffontai paired, posteriorly directed 



frontals. The cranial floor 
is formed by the expanded 
p'arasphenoid. The homo- 
logies of these investing 
bones are not understood: 
the terms employed above 
are used for the sake of 
convenience only. A sys- 
tem of letters and numbers 
is usually employed for 
their identification (West- 
oil). Two exoccipitals arc 
present. A palatopterygoid 
cartilage, firmly fixed to the 
cranium, gives attachment 
to the mandible, so that the 
jaw suspension is autostylic 
(p. 94). Hyomandihula- 

are absent. The upper 


Ftc. 25 y—Prolopterua: Dentition. Upper and lower tooth-plate is attached to 
tooth-plates in occlusion and their relationships with adja- ^ , , 

cent bones. The above clear-shown distinction between the prevomers and tO thc 

dental and osseus structures can be seen only in dry or JyalatoUervPoid Premaxil- 
fossil specimens. (Partly from a specimen in University irremaxiJ 

CoUege, London.) maxUlae, and nasals are 


absent. 


The lower jaw consists of paired Meckel’s cartilages, with large, tooth-bearing 
coronoids {— ‘ splenials ’) situated on their medial aspects, and supra-angulars 
placed laterally. No true dentaries or splenials are developed. The mandible 
articulates with a large intertemporal cartilage (= pterotic, squamosal, of 
different authors). Fenestrated, cartilaginous nasal capsules are present, and 
small opercular and inieropercidar bones support the opercular fold. 

The hyoid and branchial arches are cartilaginous. Only a ceratohyal is 
retained in the hyoid arch. There are five branchial arches and, in front of the 
first gill-slit, a rod, probably formed from the fused bases of the hyal rays. 
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Thexe are no branchial rays, but all branchial arches bear a series of gill-rakers 
with cartilaginous supports. 

The pectoral gir^ (Fig. 252) 
is a stout cartilage overlain by 
a pair of investing bones. It is 
attached to the skull by a 
ligamentous band. The pelvic 
girdle is a single, lozenge- 
shaped, cartilaginous plate 
produced anteriorly into a long 
epipubic process. On each side 
of this projection are a pair 
of forwardly directed prepubic 
processes. The posterior aspect 
of the plate bears short pro- 
cesses for the basal cartilages 
of the pelvic fins. 

The skeleton of the pedoral 
fins consists of an elongate 
basal cartilage followed by a 
central axis of small, cartila- 
ginous rods. On one side (pre- 
axial face) of the central axis 
there is a row of jointed car- 
tilaginous rays which support 
the somewhat expanded part 
of the fin. The pelvic fin 
skeleton is like that of the 
pectoral fin, except that 
preaxial radials are absent. 

Alimentary Canal and Asso- 
ciated Structures. — ^The teeth 
(Fig. 253) consist of upper and 
lower tootiir-plates derived dur- 
ing ontogeny from the coales- 
cence of a number of small 
denticles. These become fixed 
to independently developed 
bony plates — ^the prevomer and 
palatopterygoids in the upper 

jaw and the coronoids in the lower. The occlusal and labial surfaces of the 
tooth-plates are thr own into three major folds or cusps. In addition, there 
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Fig. 254.— Prolopferus: Alimentsiy canal aiidassoe- 
iatCNi stractuxes. The cystic ducts are not labelled. 
(Modified after W. N. Parker.) 
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is a lingual ridge lying medially to the outer cusps. The shape of the tooth- 
plates and the disposition of their cusps are essentially adaptations to crushing 
and shearing molluscs. Paired vomerine teeth also occur. A chief feature of 
the alimentary canal (Fig. 254) is the presence, throughout the length of the 
intestine, of a spiral valve. It will be recalled that a spiral valve is present in 
elasmobranchs (p. 237), palaeoniscoid derivatives (p. 326), and in Latimeria 
(Coelacanthini, p. 360). The rectum opens into a small cloaca. Tlie liver is 
large and unequally bilobed. The gall-bladder lies between the small anterior 
lobe and the much larger posterior lobe. A well-developed pancreas is em- 
bedded in the wall of the stomach and intestine, internal to the peritoneum. 
The pancreatic ductules unite and open into the bile-duct immediately before 
the latter enters the intestine. Oesophageal, gastric,' and intestinal epithe^ia 
are little different. All are equipped with ciliated, columnar, and goblet cells. 
Respiratory System. — ^The extent to which the adult Protopterus combines 
aquatic and aerial respiration has not been fully determined. There are six 
branchial arches, with five open gill-clefts. Gill filaments are developed only 
on the fourth and fifth branchial arches. There is also an anterior hyoidean 
hemibranch and another posterior hemibranch associated with the sixth arch. 
Field and laboratory studies indicate that the adult P. (vthiopicus is dependent 
on aerial respiration, since individuals prevented from breathing at the surface 
die of asphyxiation. Doubtless the gill-filaments play some part in respiration, 
but their main function is probably associated with carbon-dioxide excretion. 
Four pairs of functional external gills occur in larval lung-fishes. The external 
gills are atrophied or lost in the adult. 

The lungs (Figs. 255, 256) are paired, elongate median dorsal sacs which 
open into a common pneumatic duct. This duct is provided with a muscular 
chamber which opens into the ventral side of the cesophagus through a slit-like 
glottis. The margins of the glottis are muscular, and there is an epiglottis-likc 
fibro-cartilc^inous plate. Internally the cavity of each lung opens into a series 
of alveoli. Each alveolus opens into lesser cavities, which in turn communicate 
with still smaller sacculi. Hence, in structure the lungs basicall}' resemble 
those of higher vertebrates (p. 107). Phylogenetically, the lungs of Protopterus 
almost certainly correspond to the swim-bladder of bony fishes (p. 339). They 
differ, however, in their blood supply (see below). Blood reaches the lungs by a 
pair of pulmonary arteries which originate from the roots of the paired dorsal 
aorta: near the point of their junction to form the median dorsal aorta. 

Blood-vascular System. — Correlated with the existence of lungs and a 
distinct pulmonary circulation (Fig. 256) there is a complication in cardiac 
structure. The heart lies in a stiff-walled pericardial cavity (Fig. 257) situated 
below and somewhat behind the gills. The sinus venosus is imperfectly divided 
into two parts, whilst the cavity of the atrium is divided by an almost complete 
septum. 
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Venous blood enters the right-hand division of the sinus venosus and passes 
through the right-hand chamber of the atrium to the partly divided ventricle. 
The pulmonary vein, by which oxygenated blood is returned to the heart from 


glottis and 
, pharynx 



glottis- 


alveolar 

sacs 




Fig. 255.— Osteichthys: Lungs of Pvoiopterua and 
PolgpferuH. Left: Lung and its relationships in Proto- 
pterxis from ventral aspect. (Parts are removed to show 
internal structure.) Centre (above) : Alveoli from dorsal 
a.spect. Centre (below): Alveolus. Right: Primitive 
asymmetric arrangement in Polyptenis (see p. 290). 
Although the lungs are disproportionate in size, both (in 
Erpetoichthys at least) are fully functional. (Redrawn 
from Cambridge Natural History, after various authors.) 


the lungs, passes through the sinus venosus and opens directly into the left 
side of the atrium. The large atrio-ventricular opening is fitted by a fibrous 
plug developed from the posterior margin of the opening. This characteristic 
structure, found only in the Dipnoi, can be raised or lowered to close or open the 
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atrio-ventricular passage. No true atrio-ventricular valves are developed. A 
spirally twisted and weakly contractile conus arteriosus is present, but the 
ventral aorta is greatly reduced. Internally, the conus is divided into two 
longitudinal channels. This division is achieved by a longitudinal compound 
valve that abuts on one side of the conus against a longitudinal ridge on the 



Fig. 256.— ProtopleruH: Blood vascalai and nspiratofy tyatoms. (From left side.) The 
blood from the lungs goes through the pulmonary veins into the left-hand division of the atrium. 
It is then directed by the valves of the heart into the ventral chamber of the short, horizontally- 
divided ventral aorta, thence probably proceeding direct to the anterior branchial vessels from 
which it is distributed to the brain and other cephalic structures. (These, therefore, probably get 
the most highly oxygenated blood.) The blood from the posterior vena cava is directed by the 
valve-system of the heart so as to pass into the upper channel of the ventral aorta, whence it is 
probably directed mainly into the more posterior branchial vessels. Here some ^ight gas ex- 
change may take place in the reduced gills. Some of this blood probably returns to the lungs and 
some finds its way into the dorsal aorta to be distributed posteriorly (see Foxon). I {aff. hy.), 
afferent hyoidean followed by afferent branchial arteries (II-V); cer, a., cerebral artery; catl. a., 
coeliacomesenteric artery; d. ao., dorsal aorta; d. Cttv., ductus Cuvieri; eff. /*., efferent hyoidean 
artery; * ext. car.', ‘external carotid* (continuous with branchial arch II); h. hem., hyoidean 
hemibranch; It. br. d. ao., left branch of dorsal aorta; nas. a., nasal artery; pit., position of 
pituitary gland; p. v. cav., posterior vena cava; pul. a., pulmonary artery; pul. v., pulmonary 
vein; v. ao., ventral aorta; *1. marks point at which the nasal artery goes through the cranial 
wall; *2. point at which the ‘ external carotid * goes through squamosal area of the cranium to 
supply facial musculature and jaws. (Greenwood and Marshall, unpubl.) 


opposite side. Oxygenated blood from the pulmonary vein flows almost 
directly into that division of the conus which is connected with the first two 
arches, and is thus carried into the carotid and cerebral circulation. Venous 
blood, entering the right side of the heart, flows into the channel connected with 
the more posterior aortic arches, and is thus ultimately carried to the pulmonary 
circulation. 

The four afferent branchial arteries originate dose together, immediately in 
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' l.p. card. 


hap. pert- 


front of the c(Hius, so that a vmtral aorta scarcdy exists. The afferent vessd 
to the hy(H(tean hemibrandi arises from the first arch. A recurrent branch 
from the fourth ardi supplies 

the posterior hemibrandi. par. 

In the two gill-less arches j-i / .1 

the aortic vessel is continuous, /() I •j wj r fc h j [j|~~ 

and not interrupted to form - ifc ct 

afferent and efferent vessds. }l 

In the hyoidean hemibranch, jL ^ 

the posterior hemibranch. and ^ f 

in the two gill-bearing arches 

there are distinct afferent and 

efferent vessels. The epi- 

branchial arteries from the gill- ^ 

bearing ^hes are bifurcated *' i.p.eard. 

and drain the hemibranchs of hap. port C 

each arch. An efferent vessel K-l— <»t C 

from the posterior hemibranch mi ^ 

joins that of the fifth (poster- . r 

ior gill-bearing arch). The \ 

four epibranchial arteries unite I 

at about the same point to ^ ^ 

form a short common trunk on to* ^ aw i 3 ^ 

each side (the paired dorsal J a Vl 

aorta). In turn, these unite to J 

form the median dorsal aorta. *) 

The pulmonary arteries arise j 

from the paired aortx slightly 1 fVl'-l h^ifn ay 

proximal to the union of the f r. 

most posterior epibranchial; 
each divides into branches 

supplying the dorsal and ven- / If . 

tral aspects of the lungs. ^ 

TV*.-- Fic. 2 i 7 .—Protopterua: Viscwal i ri st tauM n. Dia- 

Inere are two precavals grammatic. ant. card, anterior cardinal vein; an. v. 

(ductus Cuvieri) (Fig. 257) as in anastomotic veins; a^. atrtom: cam*. 1^ vein; 

' / \ *0 ^ ' . - /. V, femoral vein; g, bL gall bladder; li$p, port, hepatic 

dognshes (p. 240). The right portal vein; /i. V. hepatic vein; tn/. v. inferior jugular 

K«» flsA vciu; iiff. iutcstine; i, v, c, inferior y«ia cava; kid, 

precaval is formed by the J^^ney; l, p, card, left posterior cardinal vein; av. v, 

jnnctionof the inferior jugular, ovarian veins; p. v, parietal veins; per, pericardium; 

. . «• f L ren. p. v. renal portal veins; sfe. cf. subclaviaii vein; si. 

anterior cardinal, and sub- stomach. (Modified after W. N. Parker.) 

daman veins. The left pre- 
caval receives, in addition, the large posterior cardinal vein. There is no right 
posterior c ftfd jnal. The greater volume of blood from the posterior part of the 




rmn, port. 




esud. If. 


Fig. 257.->lH<oloplen<a; Visoatal lelatiimships. Dia- 
grammatic. ant, card, anterior cardinal vein; on. v. 
anastomotic veins; atr, atrium; caud, v. caudal vein; 
f, V, femoral vein; g, hi, gall bladder; he^, port, hepatic 
portal vein; h, v, hepatic vein; inf, j, v, inferior jugular 
vein; int. intestine; i, v, c, inferior vmia cava; kid, 
kidney; i, p, card, left posterior cardinal vein; ov. v, 
ovarian veins; p, v, parietal veins; per, pcancardium; 
ten. p, V, renal ^rtal veins; sb, cl, subclaviaii vein; st, 
stomach. (Modified after W. N. Parker.) 
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choroid plexus^ 

pineal body^ 

thalameneephalon - 

mesencephalon 
(fused optic 
lobes) 

ventricle IV - 


saccus 

endolymphaticus • 


• cerebral 
hemisphere 


lobus 

-hippocampus 

- velum 
transversum 

> pineal stalk 
. cerebellum 


. medulla 
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body is brought back to the heart by the inferior vena cava (Fig. 256), which 

discharges directly into the sinus venosus. Alone among fishes an inferior 

vena cava occurs in Dipnoi. It is invariably present in tetrapods (p. 404). 

The radicles of the inferior vena cava and the left posterior cardinal are formed 

by the renal veins; in their 

course to the heart both veins 

receive genital and segmental 

oitKtory /o6*— miH |y|B veins. Several hepaiic veins 

#• open into the inferior vena cava 

during its passage through the 

liver. Posteriorly, the caudal 
PW “«§E‘-V:> ••■•ia h»mi$pMn . , , , . i , 

divides into left and rtgfU 

choroid fobus 

pineal Luify which is, however, continuous 

inferior vena cava ot 

thelemencephelon T ^jg transversum ^jje left post-Cardinal vein. 

(f usod'optlc**" — — ^*"*** *****' Each renal portal vein is joined 

'ohes> several segmental veins and 

ventriefe femoral veins. There is 

— o^ngete ^ inlra-intestinal vein. The 

saccus pulmonary veins unite before 

endolymphetieus — discharging directly into the 

left auricle. It will be seen 
from the above that the plan of 
diverticula the blood-vascular system is in 
of sac. end. some respects intermediate be- 
tween that of the Chondrich- 
thyes (p. 219) and that of the 
Amphibia (p. 381). 

spinal nerve 1 A spleen is prominently 

(dorsal root) spinal cord present, producing both red 

kSh cells and l5anphocy'tes. The 

Fic. 258.-- Profopferua: Bram. The significance of blood ‘ contains all the cellular 
me peculiar saccus endolymphaticus, associated with the . . j -l. v t > 

inner ear, is unknown. The central nervous system. Varieties of higher forms 
like many other features, is reminiscent of the amphibian 
condition. (Modified after Burckhardt.) \i^OWneyj. 

Nervous System.— The brain 
(Fig. 258) is elongate and narrow, and shows great development of the cerebral 
hemispheres, which are distinct anteriorly but united behind. In their pro- 
nounced evagination the cerebral hemispheres recall those of amphibians, as 
does also the small size of the cerebellum. The olfactory lobes are sessile. The 
optic lobes form a single, oval body lying partly in front of the small cerebel- 
lum, A pineal body is present, and overlies a peculiar conical projection, the 


. diverticula 
of sac. end. 


spinal nerve 1 • 
(dorsal root) 


spinal cord 


Fig. 258.- Prolopf eras; Brain. The significance of 
the peculiar saccus endolymphaticus, associated with the 
inner ear, is unknown. The central nervous system, 
like many other features, is reminiscent of the amphibian 
condition. (Modified after Burckhardt.) 
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so-called pineal pillow, developed from the roof of the third ventride. A 
choroid plexus covers the roof of the fourth ventricle, and an anterior pdexus, in 
connection with the roof of the thalamencephalon, projects downwards into the 
third ventricle. 

A sympathetic system, consisting of a very fine nerve-cord on each side of the 
dorsal aorta (below the notochord), has been described, associated with the 
vagus, in P. annectens by Giacomini. 

General Metabolism and Ex- 
cretion. — ^The elongated kidneys are 
separate anteriorly, but fused behind. 

They extend throughout the greater 
length of the visceral cavity. From 
each kidney a thick-walled duct 
opens separately into the cloaca. A 
cloaca! urinary bladder is present. 

Metabolism and excretion in P. 
mthiopicus have been studied ex- 
tensively by Homer Smith. During 
the first week or so of aestivation 
(Fig. 259) the metabolic rate drops 
by about 50 per cent. It then de- 
creaises slowly until, after some three 
months, it is only about 10 or 15 
per cent of that at the normal active 
feeding level. Under normal con- 
ditions the fish gulps air every ten or 
fifteen minutes; in aestivation it in- 
spires at a minimum rate of once 
per hour and may, in fact, not 
breathe for several hours at a time. 

The cardiac rate slows to about three 
contractions per minute. The lung- 
fish may be relatively lean when it 
goes into aestivation, and after the first few days the reserve carbohydrate 
is exhausted, and it then metabolises fat and protein in about equal 
degree. The doacal aperture is sealed by the cocoon, and nitrogenous meta- 
bolites au-e stored essentially as comparatively non-toxic urea, so that after 
about three years the urea may constitute as much as 3 per cent of the total 
body-weight. Inorganic sulphate, too, is stored, but there is no evidence of the 
formation of inoi^ganic phosphate or the production of normal by-products sudi 
as creatine, creatinine, ketone bodies, uric acids, and ammonia. Active lung- 
bshes excrete between 30 and 70 per cent of their nitrogenous metabolites 



Fig. 2S9 —Protopteru»: Aestivation. While 
buried in mud P. annectens is curled inside a 
parchment-like, waterproof cocoon of dried 
mucus that is perforated only by a short respira- 
tory funnel from mouth to tunnel. The cocoon 
prevents desiccation. Special excretory mech- 
anisms prevent autointoxication (see text). 
(Modified after W. N. Parker.) 
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through the gills as ammonia (and the remainder mostly as urea). Ammonia, a 
highly toxic substance, is entirely absent in the buried fish, vdiidh thus avoids 
autointoxication. Upon its return to water the animal quickly discharges the 
stored urea through its gills, and after a brief period of osmotic inbalance 
(during which it appears somewhat waterlogged) normal excretory function is 
re-established. 

Beproduetion. — The paired ovaries are separate and in dose proximity to 
the kidneys. The oviducts are paired tubes that open anteriorly into the 



Fig. 260. — Protnpterus: Uiinogenital system. The similarity to the amphibian arrangement 
is striking. Left: Female, ab. p. abdominal pore; gen. p. genital papilla and pore; hid. kidney; 
mes. d. mesonephric duct; ov. ovary; ov. f. oviducal funnel; rect. rectum; ur. urinary 
papilla. (After Ayers and W. N. Parker.) Right: cl. cloaca; cl, b. cloacal bladder; hid. kidney; 
1. t.d. longitudinal testis duct; Mul, d. vestigial Mullerian duct; v. d. vas deferens. The associa- 
tion between gonad and kidney is much closer than shown in the present diagram. (After W. N. 
Parker.) 

visceral cavity (Fig. 260). Posteriorly the oviducts coalesce before opening 
into the doaca. A well-defined genital papilla and pore is present in the doaca. 
At the approach of spawning the oviducts of a ‘ ripe ’ female may contain as 
many as 2,000 eggs. The ovaries in addition hdd about 4,000 in an advanced 
stage of development (Greenwood), 

The testes (Fig. 260) are elongate and, like the ovaries, are dosdy associated 
wth the kidneys, lying along their lateral border. Each testis is difiemttiated 
into an anterior spermatogenic portion and a posterior tubular part liriiich acts 
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as a vesictila seminalis. There is a great reduction in the number of vasa 
efferentia, which are confined to the posterior part of testis and <^>en into the 
kidney duct. Vestigial MfiUerian ducts are present. 

DeYdopmmt. — ^The following information refers to the West African P. 
afiuectens. In general, however, it covers also the embryology of P. eethiopicus, 



edge of b/astopore 



megamere 




sucker blood vessels 

Fig. 261. — Proiopierwt: Dev^opment. Note points of similarity (e,g, total cleavage and the 
formation of the yolk-plug) with the Amphibia. A. one day after fertilisation; B. two days, 
showing beginning of gastrulation ; C. three days, showing late stage in closure of blastopore; 
1). four days; showing neural folds encircling blastopore; £. late on fourth day, showing differen- 
tiation of head region, branchial region, and pronephros ; F. fifth day, showing early differentiation 
of external gills and sucker; G. larva 10 days after fertilisation and two days after hatching. 
(Modified after Budgett.) 


except that the larvae of the latter remain in the nest for about fifty days and 
breathe atmospheric air at an earlier stage. The slower rate of devdopment in 
P. athiopicus is perhaps related to the lower water temperatures at which the 
embryos develop (Greenwood). The eggs (Fig. 261) are about 3’5-4 mm. in 
diameter. Each egg beemnes broken up during deavage into large, pale green, 
yolky cells at the vegetal pole (m^meres), and smaller, pink cells at the 
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animal pole (micromeres) (Fig. 361 A). Durmg gastrulation the yolky ceUs 
^ome Paginated through a blastopore, the pink cells gradu^y extending 
Shey cover the whole egg (B and C). The blastopore is the Place where the 
hind end of the embryo will be. The neural folds anse at the h^d end rst, 
and then gradually develop along the trunk and tail regions until they even- 
tually enclose the blastopore (D). The various regions of the brain and 
branchial arches are soon distinguishable externally (E and F). 

The four pairs of external gills are well developed at hatching, and a tail 
has begun to form. An auditory capsule is present. The young larvae are at 
first non-pigmented. and they remain in the nest for about three weeks (Bud- 



Fig. 262. — Protopterun: Dev6lopili6ilt. Young P. athiopicus with reduced external gills 
shortly after leaving the nest. They are found among the protective matted roots of papyrus antj 
other lake-side plants where they feed on oligochactcs and small bivalves. (From photograph and 
specimens.) 

gett). They attach themselves to the walls of the nest with a ventral sucker 
(G). They probably do not feed, but obtain nourishment from their yolk 
stores. At this stage a network of blood-vessels is visible on the yolk-filled 
belly. 

When the larvae leave the nest they have become pigmented, have developed 
limbs, and are practically adult in form (Fig. 262). Their yolk supplies are 
almost gone and they soon start to feed on animal material. Their external 
gills become reduced amd about a month after leaving the nest they begin to 
breathe air. The lung develops from a downgrowth in the floor of the pharynx. 
The rudiment grows backwards and eventually becomes bi-lobed. The lungs 
of Protopterus therefore have the same origin as those of terrestrial vertebrates, 
although they subsequently move around to the dorsal side of the alimentary 
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canal and come to lie under the vertebral column. Pinhts’ organ develops 
from the spiracular rudiment. This structure, of doubtful function, is known 
to occur only in Protopterus and Lepidosiren. 


GENERAL ORGANISATION OF DIPNOI 

The three genera of living Dipnoi are allied in all the essential features of 
their structure. Therefore it is only necessary to mention here the principal 
points in which Neoceratodus and Lepidosiren differ from Protopterus. Pratop- 
lerus and Lepidosiren resemble one another more closely than either resembles 
Neoceratodus and are placed in the same family, the Lepidosirenidse. 

The limbs of Lepidosiren are similar to those of Protopterus, but in Neo- 
ceratodus they are broad and leaf-like, with a correspondingly modified skeleton. 
The tapering central axis is composed of a stout basal cartilage and a number of 
short, cartilaginous segments, with serially arranged rows of jointed, cartilag- 
inous radialia projecting on either side. The sktdl of Neoceratodus differs some- 
what from the lepidosirenid t5rpe, being an undivided mass, devoid of fontan- 
clles. In many respects it resembles the skull of the fossil dipnoan Ceratodus, 
and is more primitive than that of lepidosirenids. Furthermore, true splenials 
and vestigial dentaries are present. 

There are two lungs in Protopterus. (Fig. 255) and Lepidosiren, but only one 
in Neoceratodus. The monopneumonous condition in Neoceratodus is possibly 
due to the suppression of the original left lobe (Goodrich). The internal 
structure of the lung, too, is simpler in this species. In Neoceratodus only four 
pairs of gills are developed, but each gill arch carries a double row of filaments. 
The hyoidean ‘ gill ’ is a true pseudobranch. A peculiarity in this genus is that 
the branchial lamellae of each gill arch extends on to the dorsal and ventral 
walls of the gill cleft, so that the hemibranchs of each cleft are continuous, 
both dorsally and ventrally. The fifth arch lacks gills. 

Differences in the branchial systems of Protopterus, on the one hand, and 
Neoceratodus, on the other, are probably correlated with the more aiquatic 
habitus of the latter. Neoceratodus does not aestivate, and is said to inhabit 
only permanent waters. It resorts to aerial respiration w’hen the water becomes 
foul during the dry season. Although able to live in stagnant water that is 
toxic to other fishes, Neoceratodus dies if removed from water. It is not 
asphyxiated by prolonged immersion. 

External gills are developed in the larvae of Lepidosiren (Fig. 262), but not 
in Neoceratodus. Vestiges of the external gills persist in adult Protopterus 
annectens amd P. amphibius. During the breeding seaison vasculau: filaments 
develop on the pelvic fins of male Lepidosiren. The function of these filam^ts 
is unknown, but it is thought that they may serve ais accessory respiratory 
organs. 
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The vascular system of Lepidosiren closely resembles that of Pr^optarus 
(Fig. 256). In Neoceratodus, however, there are several points of difference. 
The heart in this genus is less specialised, in that the longitudinal septa of 
the conus are incomplete and represented by longitudinally arranged valves. 
Consequently there is more mixing of oxygenated and deoxygenated blood 
supplied to the anterior afferent vessels. Since there is a hyoidean pseudo- 
branch (as opposed to a hemibranch in Protopterus and Lepidosiren), the anterior 
afferent vascular system is different. The pseudobranch is supplied by a vessel 
from the efferent branchial artery of the first gill-arch. Anterior and posterior 
cerebral arteries originate from the pseudobranch. 

The venous s3rstem in Protopterus and Lepidosirefe is very similar, and 
represents in general a more advanced evolutionary stage than that of Neb^ 
ceratodus. An abdominal vein, derived from the union of the pelvic veins, is\ 
present in Neoceratodus, but not in the other genera. 

The brain of Neoceratodus differs from that of Protopterus (and Lepidosiren) 
in having paired optic lobes and a clearly demarcated bulbus and lobus in the 
olfactory tract. In each genus the alimentary canal is similar in most respects 
except for differences in dentition. 

In the urinogenital system the kidneys are relatively more elongate in 
Protopterus and Lepidosiren than in Neoceratodus. In Lepidosiren the posterior 
aspects are unfused. 

The testes of Protopterus and Lepidosiren are elongate, and divisible into an 
anterior, longer spermatogenic part and a posterior vesicula seminalis. In 
Neoceratodus and Lepidosiren about six vasa efferentia rise from the posterior 
region and enter the mesonephric tubule, the spermatozoa then passing through 
the mesonephric ducts. This arrangement shows considerable affinity with the 
Amphibia. 

In Protopterus it has been demonstrated that the homologue of the adrenal 
medulla occurs in the walls of the intercostal branches of the dorsal aorta 
(Giacomini) and its chromaffin cells are innervated from the sympathetic chains 
(Holmes). It has been further suggested by Holmes that the cortical homo- 
logue may be widely distributed as diffuse specialised tissue identifiable in 
various organs throughout the body cavity. 



CLASS AMPHIBIA 
INTRODUCnOR 

The Amphibia, the first vertebrates to become adapted to life on land, may 
be distinguished from the choanate fishes, their predecessors, chiefly by their 
pentadactyle limbs, the absence of fin-ray^ in the unpaired fins (when these are 
present), and by the presence of a middle ear (see p. 144). The class falls into 
two main stems, one of which includes the frogs and toads (Anura) and the other 
the newts, salamanders (Urodela), and superficially worm-like Apoda (Gymno- 
phiona. There were also a number of extinct orders, dating from the late Devon- 
ian, which were particularly numerous in Carboniferous and Permian times. 

The earliest known anuran ancestor, Protobatrcahus} did notappear until the 
early Mesozoic. This animal, unquestionably frog-like, possessed a tail in the 
adult, but the skull was similar to those of modem frogs, except that an opis- 
thotic was retained. The ribs were short, and the skin impression shows it had 
a frog-like waist. The presacral vertebrae were reduced in number, although 
there were more than eight. There were free caudal vertebrae. The animal was 
frog-like in having an elongate Uium and a fairly long femur, but the radius and 
ulna, and the tibia and fibula, were separate. The earliest tme frog remains 
occur in the Upper Jurassic. The urodeles, too, have not been found before 
that period. No fossil Apoda has been discovered. To-day the most ter- 
restrial Amphibia are the Anura. The Urodela have retreated once more to 
the water, and the degenerate Apoda into moist holes in the ground. 

Typically, amphibians breathe by means of gills in the various larval 
stages, and by lungs when adult. The gills are retained by the adults of some 
urodeles, and the skin, whidi is usually naked, often plays an important part in 
respiration. The skull is auto^lic (p. 94), and the free hyomandibula has 
been converted into a coiumdla amis, which lies in the upper part of the spirade 
between the inner ear and the tympanic membrane that is stretched on the outer 
part of the skull. In all but a few of the early forms there is an opening in the 
side of the ear capsule, the fenestra ovalis, through which tire columella auris 
conv^ sound-vibrations to tiie inner ear. The above elaboration is another 

A number of equally important points should be briefly noted with re^^rd 

^ Hecht (1962) belteveg that the reeemblaaces between Pratobatrachus and the Anura may be 
the result of ccmvergenoe. 
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to skeleton and musculature. The skull has become movably attached to the 
vertebral column by means of either one, or two, condyles. An itUerdavide, 
already present in osteolepiform fish, serves to brace the two halves of the 
shoulder-girdle together, and the pelvis became attached to the vertebral 
column, typically by a single sacral vertebra. In modem forms only ten intra- 
cranial nerves occur; some of the Labyrinthodontia {p. 388) had twelve. 

Although many of the old comparisons between the amphibian limb of 
to-day and the paired fins of selachians and Polyptertts are of only historical 
interest, gross anatomical, and embryological, studies have shown that the 
complex system of tetrapod limb-muscles are arranged in two series that are 
derived from the simpler musculature of the upper an# lower aspects of fins. 
Again, a comparison of the bony and skeletal structures of crossopterygians and 



Fig. 263. — The fish — amphibian transition: Shoulder girdle and fore-limb. Comparison 
between a Devonian crossopterygian {Saiiripterus) (left) and a primitive tetrapod. c, cleithrum; 
cl. clavicle; h. humerus; id. interclavicle; r. radius; sc. supracleithrum ; u. ulna. (From 
Romcr, partly after Gregory.) 

early (fossil) amphibians shows how closely allied the two limbs really are 
(Fig. 263). The earliest tetrapods were, in essence, highly specialised walking 
fishes with lungs. This enormously interesting and important initial move- 
ment from water to land is now understood in broad outline. 

There has been accumulated considerable evidence that suggests a mono- 
phyletic origin of all tetrapods from ' a single osteolepid t5T)e in the latter half 
of Devonian time’ (Westoll). The gradual colonisation of dry land depended 
not merely on the development of efficient lungs and walking legs. Almost 
every part of the animal body was involved — the integument, skeleton, nervous 
system, special senses, blood vascular system, and so on. Not only did animals 
require to breathe atmospheric oxygen and to walk : they had to withstand 
desiccation, rid themselves of the lateral line (in the adult), detect uir-bome 
substances of a much greater dilution, and see and hear predators and prey at 
much greater distances — to mention only a few very obvious lines of adaptation. 
At the same time no new organs were formed . 

Therefore it is possible that the changeover process may, under special 
environmental conditions that favoured the selection of special characteristics. 
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have occurred relatively quickly in terms of geological time. It would seem 
that all the changes, however profound they appear at first sight if we cconpare, 
say, a coelacanth and a frog, are readily explicable in terms of Darwinian- 
Mendelian inheritance. It is to-day a commonplace that genic segregation, 
recombination, and (rarely, but commonly enough) mutation constitute a 
mechanism which can generate, in conjunction with enviromnental selection 
pressme, changes and characters of a ‘high degree of improbability’ (Fisher). 
The state of the environment, and therefore natural selection, dictates probably 
the tempo and certainly the direction of subsequent events. 

The Devonian period (p. 3), when fish were the dominant large animals, 
was an age of great climatic instability. There is evidence that the fresh- 
water streams and lagoons of that time were alternately filled and dried out in 
violent extremes of flood and drought. Such conditions of periodic desiccation 
theoretically should result in the extinction of numerous species, and at the same 
time favour the survival of the few possessed of physiological and structural 
adaptations suitable to function in the new conditions. 

We have already seen that a bony supporting skeleton, osmotic homeostasis, 
internal nares, and lungs (to mention only three fundamental attributes) had 
been developed by ancient bony freshwater fishes. In the crossopterygians 
the appearance of two pairs of highly mobile, muscular, lobe-like lateral fins, 
supported by bones (Fig. 263), gave an indication of later possibilities in the 
development of walking legs as we know them in modem tetrapods. This is a 
classic example of pre-adaptation — ^the possession by an organism of characters 
that are conducive to its survival under altered conditions. 

Buoyant progression in water, however, is a vastly different matter from 
terrestrial locomotion with its additional gravitational complications. The 
problems created by the gradual removal of the tetrapod body from the water 
were met by profound, but not radical, skeletal, muscular, and other changes in 
all parts of the body. Gross mechanical and structural adaptations (including 
new facets for the attachment of modified muscles) occurred particularly in the 
occiput, the central cantilever vertebral column, and the pectoral and pelvic 
girdles. The head, no longer lai^ely supported by water, now required a more 
powerful musculature and corresponding elaboration of articular surfaces in 
the skull and adjacent endoskeleton. The lower jaws, no less than the neuro- 
cranium, required an elaborated musculature for their operation and support. 
The vertebral column had increasingly to support body weight : it gained in 
ossification and strength. It developed elaborate articulatory mechanisms, 
and serial apoph5rses for the anchorage of the modified musculature. The 
girdles had now simultaneously to provide support in locomotion and also to 
protect vital viscera from the injury threatened by the new upward thrusts 
involved. In fishes, each dermal girdle had constituted the posterior wall of 
the nearby gill-chamber and, in addition, had provided anterior anchmuge 
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for the locomotory myotomal muscles. With the advent of heavy upward 
pressures consequent upon walking, the dermal skeleton declined, and there 
arose anteriorly a powerful scapula (shoulder-blade) which became bound to 
the front ribs (of the thorax) ; and, posteriorly, there arose the triradiate 
pelvic apparatus, including the elaboration of the ilium with which we shall 
become famihar. In each girdle region arose supplementary modifications — 
such as endoskeletal processes for the firmer attachment of muscles, and (later 
on) the developed specialised limb-bones, including digits and other refine- 
ments. 

Equally, the conquest of land depended on at least a primitive means of 
aerial respiration. It was formerly generally believed that the swim-bladder, 
(p. 339) gave rise to the lung — a not unnatural conclusion, because the air- 
bladder at first sight appears as typical of bony fishes as is the lung of tetrapods. 
We now know that the primitive lung is a characteristic of ancient fishes; and it 
is usually held that it came first and that from it evolved the swim-bladder, an 
organ of specialised hydrostatic and other function found only in bony fishes. 
It seems certain that the swim-bladder reached its present efficiency only when 
the ancestors of the actinopterygians took to the sea. In the Devonian the 
development of a respiratory sac, however primitive, but at least capable of 
absorbing atmospheric oxygen, would be of immense importance to early 
fishes (as it is with some extant lung-fishes (p. 375)) that were compelled to 
live in water that became periodically low in level and clogged with rotting 
vegetation. 

This periodic drying up of swamps placed a premium on the possession of 
the means to move up or downstream or across country from a (hying locality 
to one that remained moist. Limbs thus paradoxically may have been a means 
of survival because they first allowed their possessors to remain in water, not 
to escape from it. Certainly some of the early tetrapods still retained the 
lateral line. So much granted, it is easy to imagine that t3?pes which possessed 
locomotory, respiratory, integumentory, excretory, and sensory specialisations 
related to drought survival would prosper and reproduce. Those whose 
adaptations were directed towards purely aquatic efficiency would fail. 

More or less direct, and relatively unchanged, descendsmts of certain of the 
survivors are to be seen in the Dipnoi (lung-fishes) (p. 361). It should be 
emphasised, however, that there is no suggestion that the tetrapods are des- 
cended from even the most ancient Dipnoi. Both groups probably owe their 
ancestry either to ancient osteolepid, or to even earlier, rhipidistian freewater 
fishes (p. 354) that flourished in the mid-Palseozoic (p. 3). 

A comparison of the earliest Amphibia with Palaeozoic fishes shows many 
resemblances between the embolomerous labjrinthodonts and the osteol^pkls of 
the Devonian. This is particularly marked in the graieral structure of the skulls 
(Fig, 285 B); in the similar ‘labyrinthodont’ pattern of the teeth (Fig. a8o); 
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in the poMession of large palatal ‘tusks', and, to a less degree, in the pectoral 
and pelvic girdles. TTie comparison of the two types of ardiaic animals throve 
light on the probable mode of origin of certain tetrapod structures.' 

Along with the development of limbs, and increased efficiency of aerial 
respiration, the Amphibia suffered a remarkable loss of true biting, as apart 
from holding, teeth (though at least one genus, Amphignaihodon, appears to 
have re-developed some). The earliest amphibians were probably piscivorous, 
but a drastic alteration in diet was compelled by their change from aquatic 
to terrestrial life. They were forced, by virtue of their imperfect adaptation, 
to confine their feeding to slow-moving prey such as snails, slugs, and later 
(some of them) to insects and other creatures that could be reached, and 
anchored, with a sudden flick of the muscular, protrusible, and sticky tongue 
which they later developed. The lateral line S3retem, too, was soon lost in the 
early land-living adult amphibians, but was retained in the larvae. Along 
with the loss of the lateral line in adults there have been remarkable modifica- 
tions of other sensory organs, as will be seen later. 

The amphibian skin became heavily keratinised. This assisted water 
retention, but at the same time allowed cutaneous respiration (p. 403). Yet, 
although certain toads inhabit relatively dry areas, amphibians in general 
cannot live away from moist situations. It is true that a very few anurans can 
survive in deserts but these (e.g. Cydorana of Central Australia) do so by means 
of peculiar adaptations such as aestivation under dry caked mud, assisted by 
water storage allowed by the partial loss of kidney glomeruli. The water 
is held in the urinary bladder, peritoneal cavity, and subcutaneous tissues. 
If a lean Cydorana is put into a beaJcer with two inches of water it resembles ' a 
somewhat knobbly tennis ball ’ within two minutes (Launcelot Harrison, cited 
by Buxton). Certain desert tribes of Australian aborigines know of this water 
storage and dig the toads out in times of extremity. 

The permeability of the amphibian int^ument, then, has imposed serious 
limitations on the choice of habitat, as well as upon geographical distribution. 
A frog placed in sea-water dies very quickly — a moment’s reflection will show the 
osmotic (xmsequences of such a transfer.* This limitation reduces the possi- 
bilities of (but has not wholly prevented) the successful chance-transfer from 
island to island which has been an important factCH- in the geographical 
distribution of the higher groups (e.g. the migration on driftwood of rodents to 
Australia and to other islands). Again, the inevitable failmre of the Amphibia 
to develop temperature control further limits their chances of land colonisation. 

* Neverthdew, at toaat two enrybaline frogs have evolvod. Both the maagrovoMlweUing. 
crab-eati^ Rana eanerivora of Thailand, and the green toad (Bt^o viridit) of Eui^ and the 
Middle Bart, can live in a highly salty ravironment. Adult R, etmerivora can tolerate salinity as 
high as 28%, and ted pde * 39%, at 30* C. For remaths on the striking jdiysiological ccmvmgmice 
between R'. eaneriver* and the nreotdte ebsmobranchs aee Gordon, tt ai. (1961); also Gordon 
(tgds). in connection with B. viridis. 
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Fishes, although poikilothermous (‘cold-blooded’),^ can live in waters below 
the pack-ice of the coldest seas. Air is a much less efficient heat-conductor than 
water, and terrestrial animals are therefore subjected to violent fluctuations of 
temperature in deserts and, particularly, at high altitudes. Thus, although 
amphibians coxild exist comfortably in siunmer time in the high Arctic (as do in- 
sects) , they could not survive winter there : they would be frozen hard for months. 

Of the three surviving amphibian groups, the Anura (frogs and toads) are 
abundant in all the greater zoogeographical regions, but are represented by only 
one native genus in New Zealand and are absent from most oceanic islands. 
The Urodela (newts and salamanders) are almost exclusively PaUearctic and 
Nearctic forms, occurring in North America, Europe, Asia, and North Africa. 
A few species extend southwards into the Neotropical and Oriental regions. 
The Apoda (Gjrmnophiona, Csecilia), on the other hand, are mainly tropical, 
occurring in the Neotropical, Ethiopian, and Oriental regions. They are 
absent from Madagascar, Australasia, and the Pacific Islands. 

Dependence on relatively warm conditions affected the distribution of 
amphibians in past times as well as to-day. There is much fossil evidence that 
frogs, toads, and newts inhabited Britain before the last ice age. As the ice 
sheets swept over Europe the Amphibia perished, but during interglacial 
periods they gradually re-established themselves. Only a few species reached 
Britain before it was separated from the rest of the Continent. Fewer still 
readied Ireland, which was separated even earlier (see also p. 460). 

Although amphibians were the dominant land-fauna in the Carboniferous, 
little more than 2,000 spedes live to-day, although some remain plentiful in 
appropriate areas. From the time of their emergence they have remained 
imperfectly adapted to terrestrial life : most land-going spedes remained de- 
pendent on fresh water for reproduction. The primitive tunnelling Apoda 
generally lay thdr eggs in damp burrows. Among the Anura, even the dry- 
sldnned toads need water or damp earth to breed. Tree-frogs lay their eggs in 
water-filled notches and hollows. Others carry their eggs in pits and pouches 
in the skin, and another hatches its eggs in the damp vocal sacs of the male (p. 
454). The male Obstetric Toad {Alytes) envelops his body and hind legs with 
strings oi eggs, and thus keeps them moist. The Egg-pill Toadlet {Meietcrinia 
nichoUsi) of Western Austraha lives under stones and logs, and in the galleries 
of the nests of a savage bull-ant {Myrmecia regtdaris) as a tolerated guest. 
Brooks found large eggs so coated in dust that they resemble pills covered with 
powdered cinnamon. This might retard evaporation. The tadpole stage passes 
before they hatch, and if put in water the young toadlets sink helplessly to the 
bottom. In another anuran genus, the African bufonid NectophrynoHes (p. 
430). well-yolked eggs are developed but the young are retained within the 

‘ccM-blooded’ is not altogether desirable. The Wood of a reptile in a desert in 
mia-summer is probably much warmer than that of warm-blooded mammals nearby. 
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oviduct, from which they emerge as perfect froglets. The elongated tadpole 
tails are highly vascular and effect respiratory transference from the maternal 
circulation. Up to 200 young may be borne by each female. 

These and other bizarre adaptations (p. 453) are an expression of the 
amphibian inability successfully to colonise a wider, dryer world. The vast 
majority of Amphibia require a damp environment in which to breed because 
their eggs and embryos must extract oxygen and food from the surrounding 
water and at the same time excrete waste material directly into it. They have 
developed no protective shell, as have reptiles (p. 457), bir^ (p, 645), and primi- 
tive mammals (p. 693), and they lay down little yolk for the nourishment of the 
growing young. We will see later (p. 457) how the development of the amnion, 
allantois, yolk sac, and a homy or calcareous shell has enabled higher tetrapods 
to develop in a fluid environment untroubled by most of the hazards of dry land. 

The need of a damp breeding environment, the permeability of the skin, 
and the imperfections of the blood vascular system rigidly limited the chances of 
survival away from water, and the development of amphibians as large terres- 
trial animals capable of effective competition with reptiles and birds. In the 
Carboniferous the Amphibia were able to flourish ; to-day they are phylogenetic- 
ally senile. It remained for the reptiles to escape completely from the water 
(though some have returned to it) and to give rise to the higher tetrapods which 
later came to dominate earth and air. 

It is plain that the Permian amphibians had already become far too 
specialised to have been ancestral to the reptiles (traces of which are found in 
the Carboniferous), but the earliest reptiles are so similar to the Carboniferous 
lab3Tinthodonts that it is often hard to distinguish between them. A principal 
difference lies in the composition of the vertebrae, for, while amphibians tended 
to reduce the posterior pleurocentra, the reptiles reduced the anterior intercentra 
and evolved gastrocentrous vertebrae. 

Although the Amphibia are, as mentioned above, a relatively unsuccessful 
class to-day, many individual species in speciad habitats achieve a considerable 
biomass, particularly in damp tropicad regions. Even in temperate countries 
frogs can be extremely numerous. In one night adone 500 Ib. of frogs’ legs 
{Rana pipiens) were gathered in one half-mile stretch in the eastern United 
States (Noble). A few aunphibians have become adapted to relatively severe 
climatic conditions — a species of Bufo, for example, lives on the Himadayas at 
14,000 feet. As regaurds longevity, a sadatmamder {Megalobatrachus) survived for 
fifty-two 3^ars in the Amsterdam! Aquarium. The numerous stories of anurans 
living for centuries entombed in rocks axe of course untrue. Such tales have 
currency in every country because eggs au:e occaisionadly waished into cavities and 
develop there ; and the adtilt sometimes survives for a time by meams of food 
particles wa^ed in by the same minute aperture that admitted the original ^g. 

A is g^eraiHy used ais am elementauy type in the study of vertebrate 
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morphology largely because of an almost universal availability and because 
many points of internal anatomy can be demonstrated merely by opening the 
body cavity. It need hardly be said that frogs (or Nedurm, the urodele 'mud- 
puppy ’ used in many North American universities) caimot be considered truly 
typical of the Amphibia, as a glance at the condensed classification below 
will show. 

This classification, while being ‘vertical’ and provisional, is at least 'an 
attempt to establish two major lines of descent each of which includes both cdder 
and younger elements’ (Romer). These are, firstly, the Apsidospondyli, with 
several long-extinct labyrinthodont (p. 422) orders, including probably the 
Seymouriamorpha and the frogs; and secondly, the Lhpospondyli (p. 430), 
inc lud’Ti g extinct orders as well as salamanders and the Apoda. 

Some may regret the abandonment of the older classification involving 
the recognition of the Stegocephalia but this, as emphasised both by Watson 
and Romer, was an unnatural grouping. It mainly distinguished between 
geologically older and younger amphibians and had relatively little regard to 
their true relationships. Little virtue exists in perpetuating a useless and to 
some extent misleading concept merely on grounds of antiquity. It is now 
abundantly evident, for example, that modem amphibians are not a simple 
monophyletic assemblage but at least diphyletic. The many resemblances 
between the highly specialised frogs and salamanders of to-day are probably 
due to convergence as much as to their conunon origin perhaps nearly 300 
million years ago. 

CLASS AMPHIBIA 

Sub-class Apsidospondyli 
Super-order Labyrinthodontia 

Orders lehthyostegalia (Upper Devonian-Upper Carboniferous) 
Rhachitomi (Lower Carboniferous-Permian) 

Stereospondyli (Triassic) 

Embolomeri (Upper Carboniferous-Permian) 
Seymourbunorpha (Upper Carboniferous-Upper Permian) 
Super-order Salientia 
Orders Eoanura (Upper Carboniferous) 

Proanura (Lower Triassic) 

Anura (Salientia) (Upper Jurassic-Recent) 

Sub-elass Lepospondyll 

Orders Alstopoda (Carboniferous) 

Neetridla (Upper Carboniferous-Permian) 

Mierosauria (Adelospondyll) (Lower Carboniferous-Pamian) 
Urodela (Caudata) (Cretaceous-Recoit) 

Apoda (Gymnophlona, GseeiUa) (? Recent) 
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EXAMPLE OF THE CLASS.— A FROG (RANA) 

Ratui temporarta is the most common British frog, and is found in ponds and 
damp situations all over the cotmtry. R, escttlenta is the large green edible 
frog found on the continent of Europe, where its hind-legs, garnished with 
spices, are essentially a delicacy. It has been introduced into England. R. 
pipiens and R. ceUesbiana are common North American members of the genus. 
Other species of the same genus occur in all parts of the world except New 
Zealand, the southern part of South America, and various oceanic islands. 

The Ranidae, along with other anurans, are peculiarly specialised both in 
skeletal structure and muscular arrangement for the thrusting movements of 
the elongated hind-legs by which they jump and swim. In fishes, the vertebral 
column is essentially a pliable rod which is resistant to the tendency towards 
body-shortening caused by the serially contracting swimming muscles (p. 86). 
The new modes of locomotion, sometimes in a new environment — ^land — ^have 
given the vertebral rod a new task ; it must now act as a central girder or 
ridge-pole for the support of the weight-bearing limbs. In conjunction with 
these are developed other structures in the pectoral and pelvic girdles to ensure 
the smooth articulation and functioning of the limbs. We shall see, equally 
allied to changed mode of locomotion, considerable departures in the arrange- 
ment of dorsal, lateral, and ventral muscles as well. 

External Characters. — ^There is no exoskeleton. The trunk is short and 
stout, and is continued, without the intermediation of a neck, into the broad, 
depressed head. There is no trace of a tail, the cloacal aperture being terminal. 
The mouth also is terminal, and is characterised by its extraordinary width, the 
gape extending considerably behind the eye. On the dorsal surface of the snout 
are the small nostrils. The eyes are large and prominent, and each is provided 
with an upper eyelid in the form of a thick fold of skin and a nictitating mem- 
brane. TTiis is a much thinner fold, which arises from the lower margin of the 
eye and can be drawn up over it. Close behind the eye is a circular area of 
tensely-stretched skin, the tympanic membrane, a structure not met with in any 
fish, and absent in the two other orders of living Amphibia. As we shall see, 
this is an accessory part of the auditory organ. There is no trace of branchial 
apertures. 

The back has a peculiar bend or hump in the sitting posture which marks the 
position of the saci^ vertebra. The limbs are of very unequal size. The fore- 
limbs are short. Each consists of an upper arm, or brachium, which, in the ordi- 
nary position, is directed backwards and downwards from the Moulder-joint ; 
^fore-arm, or aniebrackium, directed downwards and forwards from the elbow ; 
and a hand, or manus, ending in four short, tapering digits, directed forwards. 
The kinddimb is of great size. In the usual squatting posture the thigh or 
femur is directed downwards, outwards, and forwards from the thig^-joint, the 
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shank or crus, inwards, backwards, and upwards from the knee. The foot (pes) 
consists of two parts : a tarsal region directed downwards from the heel-joint, 
and five long, slender digits united by thin webs. Thus the limbs are placed 
in such a way that the elbow and knee face one another. The first digit of the 
frog’s hand represents the index finger of Man. That of the foot represents 
the hallux or great toe, and is turned inwards or towards the median plane of 
the body. 

The skin is variable in colour (see below). Generally it . is greyish-brown in 
K. temporaria, greenish in R. esculenta, and is mottled, in both species, with 
dark brown or black. In R. temporaria there is a large black patch over the 
tympanic region. Sexual differences occur in both spedfes. In R. temporaria 
there is a large, black, glandular swelling on the inner side of the hand of the 
male. This nuptial pad, which is less prominently developed in R. esculenta, 
facilitates the male’s grip during amplexus (p, 418), In R. esculenta and R. 
ridibunda the male has, at each angle of the mouth, a loose fold of skin, the 
vocal sac, which can be inflated from within the mouth into a globular form 
(Fig. 298, p. 443). 

The skin is attached to the body-wall only at certain definitive points on 
ridges of connective tissue which are also the boundaries of subcutaneous lymph 
spaces (p. 115), of a semi-permeable character. The skin is of great importance 
as a respiratory organ on land: there is evidence that lung respiration alone is 
insufficient to support life ashore and that the skin may excrete a greater 
amount of carbon dioxide than the lungs. Further, during aestivation and 
hibernation the animal respires entirely by means of the skin. 

The external respiratory surface is kept moist by the colourless secretions 
from mucous and serous glands. The mucus makes the frog slimy and difficult 
for its enemies to hold and is also toxic in some species (p. 437). The 
characteristic odours of frogs have their origin in glandular secretions. 

Although the basic colour-pattern does not alter, the ground-colour of the 
skin of frogs can change slowly but completely as a result of environmental 
stimuli. Placed in a dark, moist environment a frog darkens within a few 
hours and becomes black within a few days. Removed to a dry, very light 
environment it pales within a few hours, and within a couple of days turns 
light yellow. Unusually low temperatures cause darkening. The neuro- 
endocrine basis of colour change, involving the melanophores of the skin, is 
discussed later (p. 450). In addition, the melanophores can be directly influ- 
enced through the epidermis. As well as the deeply situated black melano- 
phores, the skin also contains layers of guanophores, enclosing almost colourless 
cr3/stals of guanine, and yellow lipophores which lie dose below the epidermis. 
The various colours of the skin of frogs are produced both by pigments and purely 
ph3rsical phenomena. 'The melanophores are responsible for the appearance 
of black or dusky hues ; the lipophores produce yellow or gold. When a firog’s 



PHYLUM CHORDATA 


3^1 

skin appears green it is because all other visible components of light are elimi- 
nated in one way or another. The melanophores absorb light of certain wave- 
lengths ; and the guanine crystals produce by diffraction a blue-green colour 
from which the blue or near blue are filtered by lipophores. Rana temporaHa 
sometimes exhibits a certain amount of red which is thought to come from red 
pigment granules in the lipophores. Blue, which sometimes appears in R. 
esculenta (and in several tree-frogs), results from the absence of the yellow of 
lipophores which, in most species, screens it out. 

Endoskeleton. — ^The vertebral column (Fig. 264) is remarkable for its extreme 
shortness, and, compared with fishes, its inflexibility. It consists of only nine 
vertebrae {V. i—V. 9), the last followed by a slender, bony rod, the urostyle 
(UST.), The second to the seventh vertebrae have similar characters. The 
centrum (B. cn.) is somewhat depressed and has a concave amterior and a convex 
posterior face — z. form known as procoelous. Each half of the neural arch con- 
sists of two parts : (i) a pillar-like pedicle (pd.) .springing from the centrum and 
extending vertically upwards, and (2) a flat, nearly horizontal lamina {Im.), 
forming, with its fellow, the roof of the neural canal. When the vertebrae are 
in position, wide gaps are left between successive pedicles. These are the 
intervertebral foramina, and serve for the passage of the spinal nerves. The 
zygapophyses (a. zyg.) or yoking processes are far better developed than in any 
fish. They spring from the junction of pedicle amd lamina, the anterior zyga- 
pophysis having a distinct articular facet on its dorsal, the posterior on its 
ventral surface. Thus when the vertebrae are in position the posterior zyga- 
pophyses of each overlap the anterior zygapophyses of its immediate successor. 
Laterally the neurad arch gives off on each side a large outstanding transverse 
process {tr. pr.). Its crown is produced into a very smadl and inconspicuous 
neural spine (n. sp.). 

The first or cervical vertebra (V. i) hats a very smadl centrum and no transverse 
processes. There are no anterior zygapophyses, but at the junction of centrum 
and arch there occurs on each side a lauge oval concave facet for articulation 
with one of the condyles of the skull (see below). The eighth vertebra has a 
biconcave centrum. That of the ninth or sacral vertebra {V, g) is convex in 
front amd presents posteriorly a double convexity articulating with a double 
concavity on the anterior end of the urostyle. The latter (UST.) is entirely 
hypochordal in nature and has nothing to do with the vertebrad column or the 
perichordad tube. 

The skuU (Figs. 264 and 265) of modem Anura shows striking depautures 
from the maissively ossified eamly amphibiam plam (Fig. 265), which hae mudi in 
common with that of the rhipidistiam fishes (see p. 354). In the Ranidae it 
consists of a naurow brain-case, produced behind into great outstamding auditory 
capsules, and in front into lauge olfactory capsules. The whole of the bones of 
the upper jaw a^e immovably fixed to tihe cranium, so that the only free parts 



39 * 


ZOOLOGY 



Fig. 264.-Clas8 Amphibia. Order Anura, Family Raalto. ^««««* 
the donal aspect. The left half of the shouldcr-girdle and the left 

removed, as also are the investing bones on the left side of the skull. ‘ 

mlacing bones in thick, those of investing bones in italic c^itals, other referenc . 

^ ^ aetb. acetabulum; AST. astragalus; b, hy. basi- 


Names of replacing ' 


small italics.’ a. c. hy. anterior cornu of hyoid; aetb. acetabulum; Abl. asrogaius, 
hyal; C. calcar; CAL. calcaneum; EX.OC. exoccipital; FE. femur; i ! 

FR.PA. fronto-parietal; HU. humerus; IL. ilium; MX, maxilla; olf, cp, .j ' 

ot, pr, otic process; p. c. hy. posterior cornu of hyoid; PMX, premaxilla; IW.OT. 

QU, JU. quadrato- jugal; RA.UL. radio-ulna; SP.ETH. aphencthmoid; SQ, squam . » 
S.SCP. supra-scapula; sus. suspensorium; TI.FI. tibio-fibula; tr, pr. • 

urostyle; V.i, cervical vertebra; V.9, sacral vertebra; VO. vomer; // — V, digits oihMOp . 
the prepollex, a sesamoid bone; I — V, digits of hind foot. JB, the fourth verteiTOjjmhefl^a^^ 
a. zyg. anterior zygapophysis; cn. centrum; hn, lamina; n. sp. neural ^ine; pd,. pedicle; w. p • 
transverse process. (After Howes, slightly altered.) 
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are the lower jaw and a small plate of mingled bone and cartilage, the hyoid 
apparatus. This lies in the floor of the mouth and is the sole representative in 
the skull of the entire hyobranchial or gill-bearing skeleton of fishes. 

As in teleosts, a number of investing bones can be removed from the skull 
without injury to the underlying chondrocranium. The latter, however, is 
not, as in the Trout (p. 298), the primary cranitun alone, but, as in the Dipnoi 
(p. 361), the primary cranium plus the palatoquadrate or primary upper jaw. 
The cranium in the strict sense includes the brain-case and the auditory and 
olfactory capsules. The palatoquadrate {pal. qu.) is not a solid mass fused 



FtG. 265. — Rana: Skull. A. from beneath, with the investing bones removed on the right 
side (left of figure) ; B. from the left side, with mandible and hyoid ; C. from behind, ti»e investing 
liiines removed at sus. a. c. hv. anterior cornu of hyoid ; attd. cp. auditory capsule; b. hy. body of 
hyoid: COI.. columella; DUT. dentary; EX.CX:. exoccipital; for. mag. foramen magnum; 

/. ov. fenestra ovalis; FR.PA. fronto-parietal; M.MCK. mento-meckelian; MX. maxilla; NA. 
nasal; Nv. 2. optic foramen; Nv. 5, 7, foramen for fifth and seventh nerves; Nv. 9, 10, foramina 
for ninth and tenth nerves; oc. en. occipital condyle; 0//. cp. olfactory capsule; of. pr. otic process; 
F.i f.. palatine; pal. ou. palato-quadrate; P.^.Si’W. parasphenoid; p. c. Ay. posterior cornu of 
hyoid; ped. pedicle: PJlfJf. premaxilla ; PR.OT. pro-otic ; PTC. pterygoid; gt/./Cf. quadrate- 
jugal; SP.ETH. sphenethmoid ; SQ. squamosal; sip. sUpes; sms . (<^tad.) suspensonum 
(quadrate) ; VO. vomer. A minute investing bone, the septomaiillary, which is present above 
the maxilla, close to the nostril, is not here shown. (Sec p. 424 .) ' (After Howes, slightly altered.) 

throughout its length with the cranium, as in the Dipnoi. Instead, it is a 
slender rod attached to the cranium at either end, but free in the middle. It 
is divisible into three regions i a posterior quadrate region or suspensoriunt 
(sus.), an intermediate pterygoid region, and an anterior palatine regjon. The 
suspensorium extends backwards, outwards, and downwards from the auditory 
region of the cranium. It is immovably united to the cranium by its forked 
proximal end. One branch of the fork — the otic process (Fig. 266, ot. pr.) — is 
fused with the auditory capsule. The other— —the pedicle {ped.)—is fused with 
the trabecular region immediately anterior to the auditory capsule. Vraitrally 
the suspensorium furnishes an articular facet for the mandible, and is connected 
with the delicate rod-like pterygoid region. This passes forwante and jmns the 
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pal^ fitip region, which is fused with a transverse bar, the aniorbUal process, the 
inner end of which is fused with the olfactory capsule. 

The occipital region of the cranium contains only two bones. These are the 
exoccipitds {EX. OC.). which lie one on each side of the foramen magnum {for. 
mag.) and meet above and below it. There is no trace of supra- orbasi-occipital. 
Below the foramen magnum are a pair of oval projections, the occipital condyles 
{oc. cn.), furnished by the exocdpitals and articulating with the cervical 
vertebra. 

Each auditory capsule is ossified by a single bone, the pro-otic {PR. OT.). 
There are no other ossifications of the auditory region (p. 395). In the adult 

the pro-otic fuses'^th the exoccipital. It 
presents on its outer surface, behind the 
otic process of the suspensorium, a small 
aperture, the fenestra ovalis. This is 
closed by a membrane and cartilage. Be- 
yond is the cavity of the auditory capsule, 
containing the membranous labjnrinth. 

In front of the auditory capsules a 
considerable part of the cranial wall is 
formed of cartilage, and presents above 
a single large and a pair of small 
fontanelles (Fig. 264, fon.,fon.'). Ante- 
riorly it is ossified by the sphenethmoid, 
or girdle-bone {SP. ETH.), a short 
bony tube divided by a transverse 
partition into an anterior compartment which lodges the hinder en^s of the 
olfactory sacs, and a posterior compartment which contains the olfactory 
bulbs. 

The anterior compartment is again divided by a vertical partition which 
sep>arates the olfactory sacs from one another, and the transverse partition is 
perforated for the transmission of the olfactory nerves. 

The olfactory capsules (Figs. 265, 266, olf. cp.) have a delicate cartilaginous 
roof and floor produced into irregular processes which help to support the 
olfactory sac. They are separated from one another by a vertical plate of 
cartilage, continuous behind with the girdle-bone and representing the unossi- 
fied part of the internal septum. The anterior wall of each is produced into a 
small, curved, rod-like rhinal process. The whole of the primary palatoquadrate 
arch is unossified in Rana temporaria ; in certain other anutans, however, the 
quadrate appears as a distinct ossification. 

To this partly ossified chondrocranium the usual investing bones are 
applied above and below. Covering the roof of the brain-case is a pS’**' 
of bones, ths fronto-parietals {FR. PA.). In the majority of frogs ito distinct 



Fig. 26C.— Raim.* Ctrtilagiiioas sknil of 
tadpole. In mid-n>ctamoq;>hosis. an. cp, 
auditory capsule ; br. i — 4, branchial arches ; 
c. hy. ceratohyal; col, columella; mck. Mec- 
kel’s cartilage ; olf. cp. olfactory capsule ; opt. 
for. optic foramen ; or. pr. orbital or muscular 
process of suspensorium ; ot. pr. otic process ; 
pal. ptg. palato-pterygoid bar; qu. quadrate; 
stp. 'operculum*. (After A. M. Marshall, 
slightly altered.)’ 
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trontal or panetal centres of development are visible at any stage. In the few 
where separate ossi fic atimis do occur, their independent existmce is extremely 
transient and, at the most, lasts only about a day. Appearance and fusion 
have been demonstrated before the limb-paddle stage. (A supra-temporal 
bone exists in the skull of bufonid forms.) Over the olfactory capsules 
are paired triangular nasals {NA.), and applied to their ventral surfsw^s 
are small paired vomers (VO.). On the ventral surface of the skull is a 
large T-shaped parasphenoid (PA. SPH.). The stem of this structure under- 
lies the basis cranii. Its two arms extend outwards beneath the auditory 
capsules. 

In bony fishes, it will be remembered, the palatine and pterygoid are 
replacing bones, formed as ossifications of the palatoquadrate cartilage. In 
the frog this cartilage is, as we have seen, tmossified, but to its ventral face two 
investing bcxies are applied. These are a small rod-like palatine (PAL.), and 
a three-rayed pterygoid (PTC.). The pterygoid has an anterior arm extending 
forwards to the palatine, an inner arm applied to the pedicle of the suspen- 
sorium, and an outer arm extending along the whole inner face of the suspen- 
sorium. It will thus be seen that bones originally preformed in cartilage may 
give place to investing bones, developed in corresponding situation-s, but alto- 
gether independent of the cartilage The latter remains tmossified. 

The suspensorium, as we have seen, is strengthened on its inner face by the 
outer arm of the pterygoid. Externally it is similarly supported by a hammer- 
shaped investing bone, the squamosal (SQ.). The upper jaw is formed by three 
investing bones: the small premaxiUa (PMX.) in front, then the long, narrow 
maxilla (MX.), and finally the short quadrato-jt^al (QU. JU.), which is con- 
nected posteriorly with the quadrate cartilage and squamosal (see also p. 467). 

The mandible contains a persistent Meckel’s cartilage, as a sort of core, 
outside which are formed two bones : a long at^ido-splenial on its inner face, 
and a short dentary (DNT.) on the outer face of its dist^half. The actual distal 
end of Meckel’s cartilage is ossified as a small replacing bone, the mentO’ 
mckelian (M. MCK.), present in osteolepid fish (Jarvik). 

The f^oid apparatus consists of a shield-shaped plate of cartilage, the 
body of the hyoid (b. hy.). This is produced at its anterior angles into slender 
rods, the anterior cornua (a. c. ^.), which curve upwards and are fused with the 
auditory capsules, and at its posterior angles into partly ossified rods, the 
posterior cornua (p. c. hy.), which extend backwards, embracing the glottis. 

Two other cranial structures are noteworthy. Extanal to the squamosal 
is a ring of cartilage, ibnanmdus tympani (Fig. 93. p. 144). unique to Amphibia, 
which suj^rts the tympanic membrane as the frame of a tambourine sui^xnts 
the pardiment. Inserted into the fenestra ovaUs is a nodule of cartilage, the 
columMa, the middle of whose length is hammer-shaped and ossified, while 
its cartilaginoi^ head, oc extra-columella, is fixed to the inner surface of the 
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tympanic membrane (see footnote, p. 414). Behind the columella, three 
quarters of the area of the fenestra ovalis is filled with membrane in which 
lies a large cartilaginous ‘operculum’ plate. 

The comparison of the frog’s skull with those of fishes is facilitated by a 
study of its development. In the tadpole, or larval frog, there is a cartilaginous 
cranium (Fig. 266) connected on each side with a stout inverted arch, like the 
subocular arch of the Lamprey or the palatoquadrate of Chimtera or Neocera- 
todus, and, like them, developed from the dorsal region of the mandibular arch. 
The quadrate region {qu). of this primary upper jaw is well in front of the eye, 
the axis of the suspensorium being inclined forwards and the mandible very 
short, in correspondence with the small size of the tadpole’s mouth. The 
quadrate is fused by an ascending process with the trabecular region. An otic 
process (of. pr.), unites it with the auditory capsule. Behind the suspensorium 
are distinct hyoid (c. hy.) and branchial (br. 1-4) arches supporting the gills by 
which the tadpole breathes. As development proceeds, the axis of the suspen- 
sorium is rotated backwards, producing the wide gape of the adult, and the stout 
palatopterygoid region of the subocular arch (pal. ptg.) gradually assumes the 
slender proportion it has in the adult. The greater part of the hyoid arch gives 
rise to the anterior cornua of the adult hyoid apparatus. The body of this is 
formed from the basihyal and basibranchials, and its posterior cornua is pro- 
bably derived from the fourth branchial arch. The columella is developed in- 
dependently, but may perhaps represent an epihyal or dorsal segment of the 
hyoid arch. Thus, with the assumption of a€rial respiration, the complex 
branchial skeleton is reduced to a simple structure for the support of the 
tongue, larynx, and the muscles activating the floor of the mouth and throat. 

The pectoral girdle has essentially the structure already described (p. loi) in 
general terms as characteristic of the pentadactyle Craniata, but it reflects the 
fact that the fore-limbs do relatively light work such as bracing the animal after 
each jump and occasionally transferring food to the buccal cavity (p. 400). 
To its various components are attached voluntary muscles which operate the 
forelegs and (a feature carried down from piscine ancestry) others which depress 
and elevate the lower jaw and pharyngeal floor. The depression of the pharyngeal 
floor causes an inrush of air through the nostril into the buccal cavity, after 
which the nostrils are closed and an elevation of the buccal floor forces the air 
through the glottis and into the paired bronchi to the lungs (see also Respiration, 
p. 403). The scaptda (Fig. 267) is ossified, and is connected by its dorsal edge 
Muth a suprascapula (Fig. 264, S. SCP.) formed partly of bone, partly of calcified 
cartilage, and developed from the dorsal region oi the embryonic shoulder- 
girdle. The coracoid is also ossified, but the procoracoid is represented by a 
bar of cartilage and has an investing bone, the clavicle, closely applied to 
it. The^ bones serve as struts to take the strains imposed on each side by 
•the mobile humerus, the rounded head of which articulates rvith the ^enoid 
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cavity (Fig. 267). The suprascapula overlaps the anterior vertebrae. The 
coracoid and procoracoid are connected ventrally by a cartilage, the epicoraeoid. 
This is in close cmtact with its fellow of the opposite side, so that the entire 
shoulder girdle, like that of a dogfish, forms a single inverted arch. 

Passing forwards from the anterior ends of the united epicoracoids is a rod 
of bone, the omosternwm, tipped by a rounded plate of cartilage, the epistemum, 
and passing backwards from their posterior ends is a similar but larger bony 
rod, the mesosternum. This is also tipped by a cartilaginous plate, the xiphister- 
num. These two structures are the first indication of a sternum we have yet 
encountered, with the possible exception of the median ventral element of the 
shoulder-girdle of Heptranchias. The omostemum is developed as paired 


Fig. 267. — Rana: Pec- 
toral itildle. The cleith mm 
(Fig. 263, p. 382) is retained 
in anurans, alone among ex- 
tant tetrapods. The procora- 
coid cartilage (in associa- 
tion with the clavicle) is not 
distinguished in the above 
drawing. The cartilagin- 
ous element anterior to the 
c])icoracoid at the proximal 
end of the clavicle is the 
precoracoid (not arrowed). 
(From ventral aspect.) 
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forward extensions of the epicoracoids which undergo fusion. The meso- 
sternum and xiphistemum arise as two pairs of rods lying posterior to the 
epicoracoids, and subsequently one of each pair unites with the other. This 
sternal apparatus of the frog (and of the Amphibia in general) differs develop- 
mentally from the structures in the higher vertebrates to which the same name 
is applied. In the latter, the sternum is formed from detached portions of 
embryonic ribs {costed sternum). 

The fore-limbs deviate from the typical structure (p. 100) chiefly in the 
fusion of the radius and ulna into a single radio-ulna (Fig. 264, RA. UL.), and 
in the presence of only four complete digits with a vestigial one, the prepoUex, 
on the radial side. The last is well-developed as a copulatory aid in males. It 
represents a sesamoid bone. The complete <hgits are the second to the fifth of 
the typical hand. Six carpals only are present, the third, fourth, and fifth 
digits articulating with a single bone which has apparently risen by the fusion 
of the Uiird. fot^h, and fifth distalia and of at least one centrde. 
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The pdvic girdle is peculiarly modified. Although it amtaius the usual 
three principal units of tetrapods in general, these are in detail unlike tiiiose 
of any other group. The girdle consists of two long, curved bars articulating 
in front with the transverse processes of the sacral vertebra (Fig. 264) and unites 
posteriorly in an irregular vertical disc of mingled bone and cartilage which 
bears on ea<di side a deep, hemispherical acetabulum (Fig. 268, (J). Into this 
articulates the femur or thigh bone. The curved rods are the Uia {Jl. 
P,). They expand posteriorly and unite with one another in the median plane 
to form the dorsal portion of the disc and about one-half of the acetabulum. 
The posterior portions of the disc and acetabulum are furnished by the ischia 
(Is.), fused with one another in the sagittal plane, their ventral portions by 
the similarly united pubes (Kn.). The ilium and ischium are formed of tihie 

bone, the pubis of calcified cartilage: theuniij^n 
of the elements in the median plane is the 
pubic symphysis. 

In the larva the ilium is vertical, but during 
development it becomes lengthened and at the 
same time rotated backwards, thus bringing 
the articulation of the hind-limbs as far back 
as possible. 

In the adult the median pubic union, along 
with the bilateral iliac junction with the sacral 
vertebra (Fig. 264, V. 9), gives a rigidity to the apparatus as a whole. The 
ilia together form long jointed levers especially adapted for jumping. The 
hind-legs are flexed when each leaping movement begins. As the animal leaps, 
the legs simultaneously elongate with a backward transmission of force to the 
feet, which momentarily remain braced on the ground. The frog lacks a 
stabilising tail, and its centre of gravity is situated just behind the sacrum 
(Fig. 264). This latter fact, together with the position of each acetabulum and 
the length of the ilia, enables the relatively awkward animal to retain its 
equilibrium during forward proptdsion. Frogs of several species are able to 
leap 3 or 4 feet under normal conditions. In a place called Angel’s Camp, in 
Calaveras County, California, some thirty thousand gentlonen assemUe each 
spring to bet at The Jumping Frog Jubilee. In May 1948 a frog called Helio- 
trope (of Ratta catesbiana) leapt ii feet 5 inches aided, doubtless, by not 
entirely natural stimuli. In 1953 South Africans entered the Califmnian con- 
test with a frog named Leaping Lena (species not stated), wfaidi had reputedly 
leaped 24 feet 3J inches. We are unable to report the result of the homeric 
international and interspecific contest that ensued.* 

The muscles of the tetrapod limb are numerous and oomj^ex. Each seg* 



From right. G. acetabulum; //. P. 
ilium; Is, ischium; Kn. pubis. 
(After Wiedersheim.) 


* Mrican gatbe^ termed the Frogofympics ' a aiagte leap of fdarteett Mi [was] 

recorded for one of the qiectes (Rose). The species ia ^e pictore iMS.fewieta. 
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ment has its own set by which the various movements are performed. Thme 
are musdes passing from the trunk to the limb>girdles ; from the trunk or tiie 
limb-girdles to the humerus and femur ; fnmi the humerus and femur to the 
radio-ulna and tibio-fibula ; from the fore-arm or shank to the digits ; and from 


Fig. 269 . — ntumi lIiiMiilatiin. 
Ventral aspect. On the left side (right 
of figure) many of the superficial 
muscles have been cut and reflected to 
show the deep layer, add, brev. 
adductor brevis; add, long, adductor 
longus; add, mag, adductor magnus; 
del. deltoid; ext, ct, extensor cruris; 
e.xt. its, extensor tarsi; FE, femur; gn, 
hy. genio-hyoid; gsir, gastrocnemius; 
hy. gl, hyoglossus; ins. ten, inscriptio 
tendinea; 7, alb. linea alba; my. hy. 
mylo-hyoid ; obi. int. obliquus intemus; 
ohl. ext, obliquus externus; o. st, 
omostemum ; p, c. hy, posterior cornu 
of hyoid; pet, pectoralis; petn. pec* 
tineus; /vr. peronssus; ret. abd. rectus 
abdominis; reet. int. maj, rectus 
internus major; reet. int. min. rectus 
intemus minor; sar. sartorius; sb. mt. 
sub-mentalis; sem. ten. semi-tendino* 
sus; tib. ant. tibialis anticus; tib. post. 
tibialis posticus; TI. FI. tibiofibula; 
vast. int. vastus intemus; x. st, 
xiphistemum* 



one segment of a digit to another. For the most part, the limb-musdes are 
elongated and more or less s^radle-riiaped. presenting a muscular portion or 
belly wfaidi passes at either end into o. tendon dl strong fibrous tissue saving to 
fix the mnsete to the bones upon whidi it acts (p. 74). 

In the second segment oi the Jnnddimb the tibia and fibula are fused to 
form a sing^ U^jUmla (Fig. 264, TI. FI.). The two bones in the proximal 
row of the tarsus— the tfoiste or esfregofos [AST.) andthefibulareorcafcofieNm 
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(CAL.)— axe greatly elongated and provide the lever-like leg with an additional 
segment. There are three tarsals in the distal row, one of which appears to 
represent the ceniraU, another the first disiale, and the third the fused second 
and third distalia. There are five well-developed digits. On the tibial side 
of the first there is an additional spur-like structure or calcar (C.). This is 
formed of three bones, a metatarsal and two phalanges. Such an additional 
digit is a prehallux. 

All the bones of the limbs consist of the shaft, formed of true bone and of 
extremities of calcified cartilage (p. 73). Both in the freshly-prepared and in 
the dried skeleton the distinction is a very obvious one. 

The musculature, as we have seen, has undergone great modifications in 
correspondence with the complex movements performed by the limbs. Like- 
wise the abandonment (in the Anura but not in Urodela) of the sinuous m^de 
of swimming is associated with considerable alterations. The dorsal muscled Of 
the trunk are no longer divisible into myomeres (p. 86), but take the form of 
longitudinal or oblique bands lying partly above the vertebrae, partly between 
the transverse processes, and partly between the ilia and the urostyle. The 
longissimus dorsi, for example, extends from the head to the urostyle. The 
segmental origin of this muscle is suggested by numbers of narrow fibrous 
cross-bands. The urostyle is braced on the pelvic girdle by paired coccygeo- 
sacralis and coccygeo-iliacus muscles. The movement from Mfater to land 
placed additional weight on the ventral musculature and differentiated a 
S3rstem of slings to support the abdominal viscera. There are a paired median 
band, the rectus abdominus (Fig. 269 ret. abd.) with longitudinal fibres and 
a double layer of oblique fibres — obliquus externus (obi. ext.) and internus 
(obi. int.) — extending from the vertebral coliunn to the recti. Both the 
extensor dorsi and the rectus abdominis are traversed at intervals by trans- 
verse bands of fibrous tissue, the inscriptiones tendineee (ins. ten.). The right 
and left recti are united by a longitudinal band of tendon, the linea alba 
( 1 . alb.). 

Alimentary Canal and Associate Struetnres. — ^The wide mouth leads into a 
capacious which has in its roof Hheinternal ox posterior neares (Fig. 270, 

p. na.) ; these appear to be homologous with the oro-nasal grooves of fishes. 
A pair of projections, due to the downward bulging of the large eyes, invest 
the cavity in addition to the openings of the Eustachian tubes (eus. t., see below). 
On its floor is the large torque (tng.), attach^ in front and free posteriorly, 
where it ends in a double point. The tongue can be suddenly projected, 
p(^t foremost, to capture and engulf insects. It is kept sticky by inter- 
maxiUary glands. Neither these, nor other mucous glands of the buccal cavity, 
produce digestive aiz3mies. A sj^tem of cilia also exats, and appears to circu- 
late oral fluids over the surfaces of the buccal cavity. Immediately behind the 
tongue is a slit-like gUMis (Fig. 270, gl.). Teeth are arranged in a single series 
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round the edge of the upper jaw, attached to the premaxilhe and .maxillse. 
There is also a small pat(^ of teeth (vo. f.) on each vomer just internal to the 
posterior nostriL The teeth are Mdthout pulp or nerve>tissue> They are ^nall 
conical bodies, their bases ankylosed to the bones. They prevent smooth or 
slimy prey (millipedes, slugs, insects, and worms) from writhing out of the 
mouth. There are no teeth on the lower jaw. 

/the buccal cavity narrows towards the pharynx, which leads by a short 
cesophagus or gullet {guL) into a stomach {st.) consisting of a wide cardiac and a 



Fig. 270. — Rnnas Visceral rdationships. From left; the viscera somewhat displaced. 
an, anus; h, d, bile-duct; b, hy. body of hyoid; bl, urinary bladder; bl\ its opening into the 
cloaca; c, art. conus arteriosus; cblm. cerebellum; cl. cloaca; cn. 3, centrum of third vertebra; 
cp. ad. corpus adiposum; crb. h, cerebral hemisphere; d. ly. s. dorsal lymph sinus; du. duodenum; 
ep. car. epicoracoid; eus. i. Eustachian tube; FR. PA. fronto-parietal; gl. glottis; gul. gullet; 
//..ilium; is. ischium; Ad', kidney; f. aw. left auricle; /. /ng. left lung; /r. liver; m. mck. mento- 
meckelian; n. a i, neural arch of first vertebra; olf. /. ol&ctory bulb; opt. 1 . optic lobe; o. st. 
omostemum; pcd. pericardium; PMX. premaxilla; pn. pancreas; p. na. posterior naris; pti. 
pubis; ref. rectum; r. /ng. right lung; 5. f ft/, ileum; sp. ed. spinal cord ; sph. bth. sphenethmoid ; 
spl. spleen; st. stomach; s. v. sinus venosus; tng. tongue; is. testis; nr. mesonephric or urinary 
duct; t<r^ its aperture into the cloaca; ust. urostyle; v. ventricle; v. ly. s. ventral lymph sinus; 
VO. t. vomerine teeth; vs. sent, vesicula seminalis. 


short, narrow pyloric division. The stomach has a highly convoluted epi- 
thelium pitted with mucous cells, and, in the crypts, possesses tubular secretory 
glands which produce pepsin and hydrochloric acid. A pyloric sphincter 
guards the entrance to the duodenum {du.). This, the first portion of the small 
intestine, passes forwards parallel with the stomach. This part of the gut is 
richly supplied with goblet-cdls which discharge mucus. Here digested food is 
absorbed into.the hepatic portal s}^tem (p. Z12). The rest of the small intestine 
(ilemn) is coiled. The lai^ intestine or rectum (ret.) is very wide and short, and 
passes without change of diameter into the cloaca, whidi possesses a doacal 
aperture. 

The liver {Ir.) is composed of two large lateral, and one small median, lobes. 
The left lobe is itself partly divided. Between the ri|^t and left lobes lies a 



ZOOLOGY 


402 

laige gaU-Uadder (Fig. 271. G). The bile constantly secreted by the livw passes 
into the gall-bladder via (ystic ducU (Dxy.) as well as directly into the bUe-duct 
by way of minute hepatic ducts {Dh\ The bile-duct runs from the 
bladder through the pancreas (P), a diffuse pale-coloured compound gland of 
exocrine and endocrine function (p. 152). The pancreas is held by mesentery 
between stomach and duodenum. Digestive juices elaborated by the exocrine 
(acinous) cells of the pancreas flow down the pancreatic duct which is bound to 

the bile duct within a common 
sheath, mrd they empty into the 
duodenum through a common 
opening. „• 

Morphologically associated wijth 
the alimentary tract is the spleiifi 
(Fig. 270, spl.), a small red globular 
blood reservoir attached by mesen- 
tery to the anterior end of the rec- 
tum. In the Salientia it is hsemato- 
poetic in function (see also p. 447). 

In addition to the pancreas cer- 
tain other glands can be examined 
during' dissection of this area. 
The paired thyroids are small in- 
conspicuous endocrine organs l3dng 
below the floor of the mouth in 
front of the glottis and lateral to 
the hyoid apparatus. Removal 
of the thyroid in tadpoles pre- 
vents full metamorphosis, although 
lungs and i^roductive organs can 
still develop and growth may not 
be impaired. The administration 
of thyroid extracts will cause 
retardation of growth and sudden 
metamorphosis in various anurans. 
The periodic ecdysis, or moult, of the keratinoie qpidermal layers of the slw is 
under the control of secretions of the anterior pituitary (Fig. 96, p. 150), and 
thyroid. If either gland is removed the old cmnified la3rers remain raided 
as a dark thick covering. Thyroid administratimt re-establish e s nmidting. 
ParatJ^oids (p. 152), which do not seem to have been demmastrated in fi^es, 
occur in the Anura as paired ovoid bodies. There is evidence that, as in higher 
forms, they are concerned with caldum metabcdism. The tiiymus ^iand is 
^so paired. Situated behind and below the tympanic memhraae, these bodies 
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Fig. 27X.— Aami; Abdominal ▼isoora. Dc„ 
Dc,^ common bile-duct; Dc.* its opening into the 
duodenum; D, cy. cystic ducts; Dh,, Dh> hepatic 
ducts; Du, duodenum; G, gall-bladder; L, 

lobes of liver, turned forwards; Lhp. duodeno- 
hepatic omentum, a sheet of peritoneum connect* 
ing the liver with the duodenum; M, stomach; P. 
pancreas; P‘, pancreatic duct; Py. pylorus. 
(After Wicdersheim.) 
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are of doubtful functkm. Certainly there is, up to the present, no accqitabk 
evidence that they are endocrine organs. 

On the ventral fece of each kidney (Figs. 270 and 273) there occurs an don- 
gated, ydlow compound adrenal or mprarentd gland (p. 152). We have seen 
that in c^lostomes and fidies the homologues of medullary and cortical tissue of 
the Mammalia occupy difierent situations (p. 152). In the Amidiibia these 
dissimilar tissues have cmne together and interdigitate as in reptiles Inrds. 

Res^ntory Syston. — ^The htngs (Fig. 270, Ir^.) are paired elastic sacs lying 
in the antoior part of the coelom above the heart and liver. Their size and 
appearance vary greatly, according to their state of distension. Each contains 
a spacious cavity and has its walls raised into a complex network of ridges 
between which are alveoli (Fig. 74, p. 107). The septa between these are abun- 
dantly supplied with blood-vessels. The two lungs open anteriorly into a small 
laryngo-tracheal chamber, which communicates with the mouth by the narrow, 
slit-like glottis. The glottis and walls of the laiyngo-tracheal diamber are 
supported by a framework provided by the arytenoid and cricoid cartilages. 
The mucous membrane of the laryngeal chambers is raised into a pair of hori- 
zontal folds, the vocal cords. These vibrate as air is forced back and forth 
between lungs and vocal sacs, which are buccal diverticula connected with the 
mouth by small slit-like apertures. The vocal sacs are resonators. Vocal 
chords occur in both sexes, but are much better developed in the male, which 
alone possesses vocal sacs (Fig. 298) and a voice. In breathing, the frog keeps 
its mouth closed, and by depressing the floor of the mouth, draws air into the 
buccal cavity through the nostrils. The floor of the mouth is then raised, the 
nostrils, which are valvular, ate closed by a system of cartilaginous levers 
activated by the tight closure of the lower jaw, and the air is forced through 
the glottis into the lungs. Thus, inspiration is achieved by the activity of 
muscles arranged, and operating, essentially like those of fishes, from which the 
amphibian mechanism is clearly derived. 

Within the lungs, the oxygen is taken up by the haemoglobin of the erythro- 
cjrtes which aure coursing through the capillaries in the septa between the alveoli, 
and here, too, occurs the dissociation amd excretion of carbon dioxide. In addi- 
tion, frogs aure capable of both ctUaneous amd buccal respiration. Gaiseous 
exchanges cannot tade plame through a dry membrane: both ^n and buccal 
surfaces are kept moist by special means. Buccopharyngeal respiration hikes 
place at the saune time as lung respiration: adter the glottis is closed and traps 
air in the alvepU (p. X07), the nostrils are opened amd a repeated laisii^ and 
lowering of the buccal floor sucks air into, and forces it from the buccal cavity, 
the roof of wldch is invested with a resparaatoiy capiflary system. 

Bocc(^>lmryngeal resjaration is po^bly less important than hais been 
generally tlmu^t. Measurement of the capillauy surfau^e in the mouth of Rana 
and (d Bichats a^licwm that th^ account foronly 0*9 per cent., whereas those of 
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the lung and skin account for almost 65 per cent, and 35 per cent, resp^vely 
of the total respiratory surfaces. Cutaneous breathing is probably continuous, 
and may be particularly important in species that periodically submerge in 

mud. ... 

Blood-vaseular System. — ^Fig. 272 shows some of the complexity of the 
anuran heart and ventral vessels, including devices which appear to keqi the 
de-oxygenated and oxygenated blood-streams apart. There is no complete 
agreement as to how much mixing occurs. Certainly in the musculo-cutaneous 
vein there must be a mixing of the red cells oxygenated at the skin with (see 
below) those partly saturated with carbon dioxide at the muscles. A further 
mixing takes place in the right auricle. . 

A traditional view is that fairly complete separation of the main streams' is 
achieved. It was later claimed that injected X-ray opaque material ai\d 
cinephotography showed that, despite the trabeculae and the differentiated 
pressures within the adjacent vessels, complete (or at least considerable) mixing 
of the two streams occurs in the ventricle. This view, too, has been challenged, 
and it now appears that the oxygenated and venous streams of blood are kept 
tolerably separate and selectively distributed to the arteriad arches, although 
by a mechanism different from that envisaged in the traditional account (p. 406). 

The heart lies in the pericardial cavity ventral to the oesophaigus and in front 
of a septum transversum that completely separates the pericardial and coelomic 
cavities. The heart is ensheathed by the pericardium, a double-walled sac. The 
inner wall {epicardium) is applied to the heart surface. The two walls unite 
at the base of the arterial arches but around the heart they are separated by 
a pericardial space containing serous fluid. 

The heart consists of five chambers — a triangular sinus venosus (Figs. 272 
and 273), right and left auricles (r. au., 1 . au,), a muscular ventricle (r., ventr.) 
and a conus arteriosus {con. art.). The thin- walled sinus venosus receives 
deoxygenated blood from the general circulation via three large vessels, the 
right and left pre-cavals (anterior venae cavas) and the post-caval (posterioi 
vena cava) veins. From the sinus venosus the blood is delivered into the 
right auricle through sinu-auricular valves. (Here we see a striking advance 
on the Dipnoi in the greatly increased size of the left auricle, which is, however 
only about half the volume of the right.) The two auricles are separated bj 
the inter-auricular septum (Fig. 272), and into the left auricle runs a commoi 
pulmonary vein which has received oxygenated blood brought from each lun 
in the right ^d left pulmonary veins. The junction between pulmonary vei 
and left auricle is unguarded by valves. We see that one auricle contain 
deoxygenated blood (mixed with some oxygenated in the skin and buccs 
cavity), and the other auricle freshly oxygenated red cells. The auricles cor 
tract almost synchronously, and each squeezes its cargo of blood through 
commim auriculo-ventricular aperture, guarded by tw) pairs of valves (one pa 



PHYLUM CHORDATA 


#>5 



Fic. 272. — Kana: Cardiac anatomy and eireolation. Ventral view. Simplified by the exclu- 
sion of the pylangiai (ventriculo-conal) valves from near the base of the spiral valve {$p. valve). 
To the right of spiral valve is (unmarked) the cavum aorticum, and to its left the cavum 
pulmo-cutaneum. The labelled structures are: atr-v, valve, atrioventricular valve; car, lah. 
carotid labyrinth; ch. lend, chorda? tendineas; con. art. conus arteriosus; ext. car. a. external 
carotid artery; inter-aur. sept, inter-auricular septum; Uit. car. a. internal carotid artery; It. aur. 
left auricle; It. car. tr. left carotid trunk; It. syst. tr. left systemic trunk; pul. v. pulmonary vein; 

aur. right auricle; rt. car. tr. right carotid trunk; rt. syst. tr. right systemic trunk; s. atr. ap. 
sinu -atrial aperture; sept. med. septum mediale; sept. septum principale; sp. valve, spiral 
^Ivc ; ventr. ventricle. ; Common entrance of puLmo-cutaneous arteries (below imiral valve) ; 

Right pulmo-cutaneous trunk ; X* \ Left pulmo-cutaneous trunk. (Data from J . R. Simons.) 



ZOOLCXJY 


406 


\9age and the other pair small) into the single ventricle. The latter has a 


transversely elongated cavity. Its 



Fig. 273.— Rofia; Arterial syitem. Rela- 
tionship with the heart, lungs, kidneys, and 
left testis (from the ventral aspect), car, 
internal carotid artery; car. gl. carotid laby- 
rinth; c. art. conus arteriosus; car, tr, caro- 
tid trunk; cccl. mes. coeUaco-mesenteric 
artery; cu. cutaneous artery; d. ao, dorsal 
aorta; di$. duodenal artery; gs. gastric 
artery; hp. hepatic artery; il. iliac artery; 
ifU. intestinal arteries; kd. kidney; /. au, 
left auricle; /g. external carotid artery; Ing, 
lung; (gs, oesophageal artery; ptU. pul- 
monary artery ; pul. cu, tr. pulmo-cutaneous 
trunk; r. au. right auricle; rn. renal arteries; 
SCI. subclavian artery; spl. splenic artery; 
spm. spermatic artery; ts. testis; syst. is. 
systemic trunk; v. ventricle; vert, verte- 
bral artery. 


dorsal and ventral walls are raised up 
into muscular ridges or camea with 
interstices between them. It is gener- 
ally held that these help to prevent 
the mixing of the chemically dissimilar 
streams of blood. The contraction of 
the muscular ventricle follows auricular 
contraction immediately. Blood is 
driven into the thick-walled conus 
arteriosus, which springs from the right 
side of the base of the ventricle, and is 
expelled into the arterial arches. Th^ 
conus arteriosus is incompletely divided 
by the spiral valve into two passages, 
the camm aoriicum leading to the caro- 
tid and systemic arches, and the cavum 
pulnuxutaneum leading to the more 
dorsally placed entrance of the pulmo 
cutaneous arches. 

Traditionally it has been held tha 
the blood first entering the conus fror 
the ventricle passed into the cavur 
pulmo-cutaneum and its associate 
arches. It was believed that when th 
resistance to flow in these arches ha 
risen, the blood next flowed into tli 
systemic arches, and finally because tli 
carotid lab3^ths (see below) caused tl 
carotid arches to exert the highest n 
sistance the last blood to leave the vei 
tricle flowed into the last-named vessel 

It has now been shown that whi 
a selective distribuj^on of the blood u 
doubtedly occurs, the mechanism whi< 
brings it about cannot operate as ov 
lined above. In Ram, Bufo, ai 
Xenopus the movement of the Uood 
the three pairs of arches has hem foui 


to occur simultaneoudy. Furtbermo; 
traces of the pressure waves recorded from the arches by optical and dectroi 
manometers show that the patterns from all arches are s imila r synchrono^ 
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Despdte this, a sdecdve cUstribution does indeed take place, although this is 
rather less perfect than earli^ authors believed. In general, more than half the 
blood ejected from the left auricle enters the carotid and systernic arches, 
while about the same proportion of that discharged from the right auricle 
enters the pulmo*cutaneous arches. The precise means by which this is 
achieved is still a matter of speculation. 

The paired branches of the short ventral aortse are each divided by two 
longitudiiud partiticms into three vessels. These are an inner or anterior (the 
carotid trunk [car. tr.)), a middle one (the systemic trunk or aortic arch), and an 
outer or posterior (the pulmo-cutaneous trunk [pul. cu. tr.)). The systemic 
trunks communicate separately with the conus at its distal end (sometimes 
described as the bulbus arteriosus) and the carotid trunks open slightly to the 
right of the junction of the two systemic trunks. The opening of the carotid 
trunks is guarded by a valve. 

After being bound together in the way described for a short distance, the 
carotid, systemic, and pulmo-cutaneous trunks separate from one another. 
The carotid trunk divides into an internal (Figs. 272 and 273, car.) and external 
carotid [Ig.) artery which supply the head. The former has at its base a small 
swelling, the carotid labyrinth [car. gl.), which has a spongy interior containing 
numerous cavities and channels. This structure was sometimes called the 
carotid 'gland', but it is non-secretory. There is, however, evidence that the 
carotid lab3nrinth acts as a chemo- and baroceptor. 

The systemic trunks curve round the oesophagus towards the dorsal midline. 
The right arch becomes the dorsal aorta as it passes posteriorly in the median 
position. The left arch touches the dorsal aorta briefly and communicates 
with it by a small aperture and is then continued as the cceliaco-mesenteric 
artery. 

Apart from the arteries to the head, the lungs, and the skin, those supplying 
all parts of the body arise either from the dorsal aorta or from one of the 
systemic arches. The pulmo-cutaneous trunk divides into two: a pulmonary 
artery [pul.) to the lungs, and a cutaneous artery [cu.) to the skin. 

In the tadpole there are four aortic arches, each consisting of an afferent 
and an Permit branchial artery connected by the capillaries of the gills. As 
the water-breathing larva undergoes metamorphosis into the air-breathing 
adult the gills disappear. The first aortic arch loses its connection with the 
dorsal aorta and becomes the carotid trunk. The second enlarges, retains its 
connection with tte dorsal aorta, and becomes the S3^emic trunk. The third 
disappears. The fourth sends off branches to the lungs and skin, loses its 
connection with the dorsal aorta, and becomes the pulmo-cutaneous trunk. 

Fenoffs rdtum. The blood from each side of the head is returned by iidernal 
(Fig. 274, int. ju.) and esAemcd [ext. ju.) jt$gular wins into the precaval vein [pr. 
*'•), whidh also receiws the brachial vein [br.) from the fore-limb, and the 
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tnuscido-cutaneous vein (ms. cu.) from the skin and muscles of the side and back, 
and part of the head : the two precavals open separately into the sinus venosus. 

The course of the blood from the posterior part of the body is very different 
from that seen in fishes— the differences being due partly to the absence of a 
tail, partly to a peculiar modification of the lateral veins, and partly to the 
replacement of the cardinals by a postcaval vein, found among fishes only in the 
Dipnoi (p. 361). 



J'm. 


Fig. 274 . — Ranat Venous 
system. Relationship with the 
heart, lungs, liver, kidneys, and 
right testis (from the dorsal 
aspect), an/, ahd, anterior ab- 
dominal vein; hr. brachial vein; 
cd. cardiac vein; ds, Imb, dorso- 
lumbar vein; du, duodenal vein; 
ext. ju. external jugular vein; fm. 
femoral vein; gs. gastric vein; hp. 
hepatic vein ; hp. pt, hepatic 
portal vein; int. intestinal veins; 
%nt. ju. internal jugular vein; hd. 
kidney; /. an. left auricle; Ing. 
lung; Ivr. liver; ms. cu. musculo- 
cutaneous vein; pr. cv. precaval 
vein; pt. cv. postcaval vein; pul. 
pulmonary vein; pv. pelvic vein: 
r. au, right auricle; m. renal 
veins; rn. pt. renal portal vein; 
sc. sciatic vein; spl. splenic vein; 
spm. spermatic vein; 5. v. sinus 
venosus; t$. testis; ves. vesical 
veins. 


Two portal systems occur. The blood from the front part of the hind-leg is 
brought back by a femoral vein (fm.), which, on reaching the coelom, divides 
into two branches, a dorsal and a ventral. The dorsal branch is the renal 
portal vein (rn. pt.). This receives the sciatic vein (sc.) from the back of the leg 
and passes to the kidney, in which it breaks up into capillaries. (It shoukl be 
remembered, of course, that the minute vessels that form the kidney glomendi 
(see p. 155) come from the renal artery.) The ventral tnanch is the pdvic vein 
(pv.). This unites with its fellow on the opposite side to form the eaUerior 
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abdominal vein (ant. abd.) «^idi passes forwards in the voitral body-wall* 
Ijetween the linea alba and the peritoneum, to the level of the sternum, vriiere 
it tTims inwards ami divides into two branches, both breaking up into capillaries 
in the liver. 

Just as the anterior abdominal vdn enters the liver it is joined by the 
/lepaltc portal vein (hp. pt.), bringing the blood from the stomadi, intestine, 
spleen, and pancreas. The spleen (Fig. 270, spl.) is a small, red, globular body 
near the h«id of the rectum. The abdominal vein also receives vesical veins 
{ves.) from the urinary bladder, and a small cardiac vein (cd.) from the heart. 
It represents the lateral abdominal veins of Chondrichthyes united in the 
middle ventral line : the pelvic veins represent their posterior free portions. 

The blood is collected from the kidne3rs by the renal veins (rn.), which unite 
to form the large unpaired postcaval vein (pt. cv.). This passes forward through 
the liver, receives the hepatic veins (hp.) from that organ, and finally opens 
into the sinus venosus. Thus the blood from the hind-limbs has to pass 
through one of the two portal s3rstems on its way back to the heart. Part of it 
goes by the renal portal veins to the kidneys, and thence by the rensd veins to 
the postcaval. The rest goes by the pelvic and abdominal veins to the liver, 
and thence by the hepatic veins to the postcaval. From here it enters the 
sinus venosus for re-distribution via the right auricle. Lastly, the blood which 
has bear oxygenated in the lungs is returned by the pulmonary veins (pul.) 
directly to the left auricle. 

It will be seen that there is no trace of cardinal veins in the frog. In the 
larva, however, both anterior and posterior cardinal veins are present. During 
metamorphosis, the ductus Cuvieri unite (as in fishes) and become ccmverted 
to the precavals. The posterior portions of the posterior cardinals contribute 
to the formation of the postcaval. The anterior portions disappear. 

Blood. A& in other vertebrates, oxygen is transported by unstable associa- 
tion with the red respiratory pigment, haemoglobin, carried in the erythocytes. 
Compared with that of the Mammalia, however, anuran haemoglobin has a 
relatively low affinity for oxygen even when differential temperatures are 
taken into consideration. (There is evidence, too, that carbon dioxide trans- 
port is scnnewhat 1 ms efficient in the Amphibia.) As in fishes, birds, and reptiles, 
the er3rthoc3irtes axe nucleated throughout their life. They axe relatively large 
oval (fiscs, measuring about 20 x xSf*> ^ compaxed with about 7/1. in, for ex- 
ample, the raUxt. Erythr<xytes are formed in the kidne3rs, and haematopetic 
tissue occurs also in the spleen and bone marrow, as in higher votebrates. 
Destroctkm of effete odls occurs in the sfdeen and liver; some undergo frag- 
mentatkm in tire blood-stieam. White cdls omsist of laxge phagocytic macro- 
pht^es,monotyles, fhagocyticpolymorpho-mtelear gramdotytes (of various kuxb), 
and lymphocytes (p. 70). If a fine cannula filled with pathogoiic bacteria is in- 
serted mto tfie peittoneal cavity of a firag and withdrawn after a few hours, it is 
voi. n. - 
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found to be covered with 'wandering' phagocytic granuloc}rtes, which have 
migrated to the source of infection to act in approximately the same manner as 
in higher tetrapods. Thrombocytes, probably essentially equal in function to 
blood-dotting platelets in the Manunalia, also occur. 

Lymphatle System. — ^Vertebrates have a dosed S3^an of vessels, so that 
except in parts of spedal organs (such as liver, adrenal, and spleen) the materials 
carried in the capillaries do not come into direct contact with the general body- 
cells. The capillaries are separated from other body-tissues by fluid-filled 
tissue-spaces. These are filled with tissue-fluid, which is essentially blood 
plasma that has exuded through the walls of the capillaries. Across the fluid- 
filled tissue-spaces must pass oxygen and food substanOds brought by the blood., 
The passage of fluid from capillaries to tissue-spaces is carried out partly 
pressure exerted by the heart-beat and partly by osmotic pressure of the blood 
and the adjacent tissue fluids. 

As well as fluids and solutes, leucocytes can also pass from the blood-stream 
to the tissue-spaces. The tissue-spaces communicate with minute lymph- 
vessels which continue into larger vessels to make up a highly developed 1300- 
phatic system (p. 115). This, in the frog, is remarkable for the dilatation of 
many of its vessels into large lymph-sinuses. Between skin and muscle are 
spacious subcutaneous sinuses (Fig. 270, v.ly.s.), separated from one another by 
fibrous partitions. The presence of these sinuses allows the skin of the frog to 
slide back and forth across the underlying structures. The dorsal aorta of the 
frog is surrounded by a capacious subvertebral sinus. Lymph is driven through 
the above diffuse system of vessels into the venous system by means of anterior 
and posterior pairs of lymph-hearts. The anterior pair is situated beneath the 
supra-scapulx. The other pair can be seen beside the posterior end of the 
urostyle. These l3nnph-hearts open into veins, and so the lynmph fluid and its 
inclusions become once more mixed with the general circulation (see also 
cceUmic fluid, p. 415). 

Nervous System. — ^The brain (Fig. 275) resembles, in pattern, that of the 
Dipnoi. There are large optic lobes, a well-developed diencephalon, and large 
fully evaginated hemispheres and olfactory bui^, the last-iuimed fused in the 
median plane. The corpora striata, or basal ganglia of the cerebral hemi- 
spheres, are cormected together, as in all vertebrate^, by an anterior commissure 
(Fig. 275, D, Com., lower line), above which is another commissure (upper 
line) partly representing the hippocampal commissure of the brain of reptiles 
and mammals. The third ventricle is covered by a thick choroid plexus. 
The aqueduct of the mid-brain extends dorsolaterally into the optic lobes 
of the tectum. The lateral ventricles are large cavities in ttie cerebral 
h^nispheres which extend into the olfactory bulbs. Tfae hypotiralamus is well 
developed, and to the infundibular stalk is attached the J^popl^sis or piiuitary 
^and. This gland is of impound structure and great functiotial omniflexity 
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and is connected to the hj^thalamus by a portal system (p. 149). The pineal 
body is vestigial in the adult, being represented only by the stalk. The 
anterior choroid plexus (of the third ventricle) is foimd a little in front of the 
pineal. In the larva the pineal body occurs outside the skull and immediately 


Fig. 275. — Jlana: Brain« 
pituitary, and cranial nerves. 

A, dorsal: B, ventral: C. 
lateral: Z), in longitudinal 
vertical, but not quite mid- 
line, section. Pb. cerebellum ; 
Crr. H. cerebral hemispheres; 
ch. plx^. anterior, and ch. plx*, 
posterior choroid plexus (re- 
moved in A) \ Com, commis- 
sures. the two in front the 
interior and hippocampal, the 
two above the superior or 
habenular and the posterior; 
Cr, C. crura cerebri; Di, 
rliencephalon ; for. M, fora- 
men of Monro; i. iter, or 
aqueduct of Sylvius; inf, in- 
fundibulum; Med, obi, me- 
dulla oblongata ; Olf, 1. olfac- 
tory bulb; opt, ch, optic 
chiasma; Opt, 1. optic lobe; 
opt. V, optic ventricle; pin, 
stalk of pineal body; pit, 
])ituitary body; 5 p. cd. spinal 
cord; v^, thiM ventricle; v*. 
fourth ventricle; I — A', cere- 
bral nerves; iSp, 2Sp, spinal 
nerves. (After Parker, 
A ■ C, after Gaupp ; JD, from 
Wiedersheim, after Osborn.) 
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beneath the skin. The cerebellum is extremely small, as might be expected 
j a relatively inactive animal that moves principally in a single plane. 

The cranial nerves are on much the same pattern as in the fishes, but the 
loss of gills in the adult has led to alterations in the course and significance of 
the ninth and tenth. The spinal nerves, too, have become modified in their 
^angement fonctiem aloi^ with the 'evolution of limbs. Correspond- 
I Ing with the nnmter of vertebr*, there are only ten pairs of ^inal nerves, 
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of which the second and third unite to form aibrachialf^xm giving off the nerves 
to the fore-limb, while the seventh to the ninth and a branch of the tenth join 
to fonn a lumbosacral or sciaiic plexus giving off the nerves to the hind-limb. 
Of the remainder, the first spinal nerve performs the functicm of the hypo- 
glossal (Fig. 275, iSp.), supplying the muscles of the tongue : it passes out be- 
tween the first and second vertebrae. The minute fourth, fifth, and sixth spinal 
nerves carry fibres to the muscles and skin of the body. The cloaca and bladder 
are supplied by a second branch of the tenth. This nerve emerges from an 
aperture near the anterior end of the urostyle. The short spinal cord ends in 
a delicate filament, the filum terminale. 

Autonomic Nervous System . — ^The sympathetic system in Rana is represented 
by a pair of S3mpathetic trunks which lie ventral to the vertebral column.; 
Each trunk consists of ten ganglia joined longitudinally by connectives ; in 
addition, each ganglion is connected to the corresponding spinal nerve by rami 
communicantes. Minute fibres may extend from ganglia of one chain to those of 
the opposite side. From the anterior cranial ganglion of the chain on each side, 
nerve-fibres continue into the head to corrununicate with the vagus and other 
cranial nerves. The whole S3rstem, metamerically arranged, is divisible into 
four regions — the cephalic, cervico-hranchial, abdominal, and sacro-coaygeiU. 

Sympathetic fibres travel widely to iimervate the dilator muscles of the iris 
and muscles of the heart, aorta, arteries, arterioles, and the skin ; and other 
organs, such as the lungs, stomach, intestine, liver, pancreas, spleen, kidneys, 
adrenal tissues, gonads, bladder, cloaca, and rectum. In addition, parasympa- 
thetic fibres from various cranial nerves, mainly the vagus, and from the 
hinder part of the spinal cord (representing the sacral para^mpathetic outflow) 
supply most of the above structures. The heart-beat is augmented by 
sympathetic stimulation and depressed by vagal fibres. The sympathetic has 
a constrictor effect on arteries and arterioles. Vaso-dilatation is also under 
nervous control. Although the evidence is often conflicting in detail, it is clear 
that in the frog there is an autonomic nervous system essoitially similar in basic 
pattern to those found in homceothermous tetrapods. 

Chians of Spoelal Sense. — ^The olfaetory organs show profound modifications 
in accordance with assumption of terrestrial life and aerial res|Mration. Each 
olfactory chamber has two openings : the anterior nans or internal nostril and 
the posterior naris (Fig. 89, p. 138) or internal nostril. The latter opens into 
the mouth immediately lateral to the vomer. It is {uobahle that the internal 
nostrils were formed by the modification of the ormasal groove of ancestral 
forms. The twin passages are separated by a nasal sep^un. The olfactory 
chambers within are lined with sensory epitheHum, th e filMos frw n wliufli form 
the olfactory nerves. Across this epi thrfti im psfset ee it travels to and from 
the lungs. Further, a stream of water is rirculated across the qathdima when 
the frog is swimming, and so the animal can smdl while stibinmiged. In addi- 
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tion. the vfmmmmai {Jaa^bsm's) organ has arisen in the Amphibia. This is 
formed by means of a naso-phar}mgeal evagination. It is lined with sensory 
epithelium supplied by fibres from the olfactory and trigeminal cranial nerves. 
Jacobson's organ communicates with the olfactory chamber and the buccal 
cavity and enables the a nima l to smell substances taken into the mouth (p. 479). 

Chemoreceptors for the appreciation of taste occur in the tongue and palate. 
The eyes, too, ^ow adaptations to the terrestrial existence. Lachrymal gUmds 
produce a watery fluid (tears) which bathes the anterior eye surface and washes 
away injurious foreign bodies. Eyelids are developed : the upper lid is im- 
mobile; from the lower has developed the transparent nictitating membrane 


Fig. 276.— nana: Efe sad optic 
tract. During metamorphosis from 
the tadpole there develop *tenres- 
irial' features, such as the eyelids, 
nictitating membrane (see below), 
llarderian gland, and nasolachrymal 
(tear) duct. The six typical verte- 
brate eye muscles <p. 142) occur, 
together with a powerful retractor 
bulbi and a levator bulbi. The former 
(derived from part of the external 
rectus) is involved in swallowing as 
well as in the protection of the eye- 
ball. The levator bulbi is derived 
from masticatory muscles, ac, area 
centralis (with local concentration of 
visual cells) ; to. inferior oblique; t>. 
inferior rectus; //. lower lid; Im, 
lens muscles (protractors); n, optic 
nerve; nni. nictitating membrane (a 
transparent, independently movable 
part of the lower lid said not to be 
homologous with that of higher tetra- 
pods); pn. pupillary nodules; s,c. 
scleral cartilage ; so. superior oblique ; 
sr. superior rectus; ul. upper lid; r. 
zonule (fibres are embedded in 
vitreous). (Modified after Walls.) 

which flicks across the eyeball and assists in the cleansing process (Fig. 276). 
(In Man the remnants of a functionally similar reptilian structure are retained as 
a small pink fold, the plica semilunaris, between the medial ends of the eyelids.) 

The airangements within the nearly spherical eyeball also reflect the changed 
visual circumstances of tetrapods. The cornea is rounded, the lens is more 
flattened than in fl^es, and the two structures are widdy separated. This 
enables the protractor lentis muscles to move the whole lens forward (as homo- 
logous muscles move it slightly backwards in modem fishes). These muscles 
nin in dose association with the fibr^ that support the lens in its fluid bath ; 
and radial musde processes, the musculus tensor chorioidea, probably rdated 
to the ciliary musdes m hi§^er forms, also occur. The above mechanism 
enables the terrestrial amphibian to focus on distant objects to an extent that 
Would be impossilfle in animals living submerged in water. The iris is under 
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the control of circular sphincter muscles and radial dilator miiscles, which, 
although under nervous control (p. 119), are said also to be susceptible to 
response by direct illumination. Both rods and cones occur in the retina. 

In the ear, the oi^an of equilibration presents the same basic pattern from 
fishes to the Mammalia, but in the Amphibia we find accessory structures 
related to the reception, amplification, and conduction of vibrations from the 
external environment. Thus, a middle ear, equipped with a tympanic membrane 
or ear-drum, appears. Between this and the outer wall of the auditory capsule 
is a considerable space, the tympanic cavity (Fig. 93, p. 144). This com- 
municates with the phaiynx by the short Eustachian tube already described 
(Fig. 270, eus. t.), so that a probe thrust through the' t5nnpanic membraiK, 
from outside passes directly into the phaiynx. In the roof of the t5nnpanic, 
cavity lies the columella (Fig. 265), its head, or extra-columella, attached to the ' 
inner surface of the tympanic membrane, its foot-plate or ‘stapes’* fixed in 
the membrane of the fenestra ovalis. 'Vibrations striking the tympanic 
membrane are communicated by the columella and stapes to the fenestra 
ovalis, thence to the perilymph, and next to the membranous labyrinth of the 
inner ear. This is composed of the utriculus and semi-circular canals, and the 
sacculns with its diverticular lagena (Fig. 94,). The endolymphatic ducts 
do not communicate with the exterior, but run dorso-anteriorly and fuse at 
the anterior end of the medulla oblongata. Dissection of this region will 
reveal large aggregations of white calcareous particles. In some Anura these 
extend far down on each side of the vertebral column. These occur in paired 
sac-like organs which arc connected with the inner ear; nevertheless their 
function is unknown. The connection of the tympanic cavity with the 
pharynx (via the Eustachian tube) helps to maintain equality of pressure on 
each side of the tympanic membrane. There seems little doubt that the tym- 
pano-eustachian passage is homologous with the first or hyomandibular gill-cleft, 
although, in anurans, it is formed independently of the clefts and never opens to 
the exterior. From the consideration of their habits there can be no doubt that 
hearing in frogs is exceedingly important, more especially during the breeding 
season. It is probable, too, that hearing is important in hunting and escape 
activity. It has been experimentally shown that some anurans can appreciate 
auditory stimuli in the range between 50 and 10,000 vibrations per second. 

Lateral line organs occur in the tadpole. The lateral line cells are ciliated 
and are receptive to water-vibrations. The organs along the body are inner- 
vated, as in the fishes, by the ramus lateralis from the vagus. Those of the 
cephalic region are served by the vagus and, to a lesser degree, by branches 
from the facial and glossopharyngeal. The whole S3rstem, in ranids, disappears 
during metamorphosis (see, however. Fig, 302, p. 449). 

* terminology of the structures of the columella is unsatisfactory. The whole is homo- 
logons with the stapes of the Mammalia. 
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Endoertan Glands.— The compound pituitary gland is at the base of the 
h57pothalamus (p. 127)* Its various parts differ in their relationships from those 
in the higher tetrapods. Thus in the Anura the anterior lobe {pttrs disfoHs) is 
not anteriorly placed. The intermediate and neural parts and also the pelt's 
tuberalis of higher groups are represented, and the organ as a whole appears 
to diow a considerable advance over those of fishes so far investigated. Fot 
the role of anterior and posterior lobes in colour change in Xenopus, see p. 450. 

The anterior pituitary has powerful partial control of the primary sex 
organs. There is little doubt that its activity is considerably infliii»nri>H by 
environmental changes through the intermediacy of the central nervous S3^tem, 
including the hypothalamus. Injections of macerated anterior pituitary 
material will cause unseasonal ovulation. The testes of frogs, too, are under 
partial control of the pars distalis. Other endocrine glands are the thyroid, 
paired parathyroids (p. 152), and paired adrenals and gonads (see below). 

Urinogenital Organs. — ^The kidneys (Figs. 277 and 278, JV.) are flat, some- 
what oval bodies, of a dark red colour, lying in the posterior region of the 
coelom. On the ventral face of each kidney is an elongated, yellow adrenal 
gland (p. 152). Considerable numbers of minute nephrostomes occur on the 
ventral kidney-surface and propel calomic fluid (almost identical with lymph) 
from the coelom into the renal veins. It will be recalled that blood comes to 
the kidney from two entirely separate sources (p. 112). Branches of the renal 
artery run generally to the numerous glomeruli (p. 157). To the associated 
urini/erous or renal tubules run branches of the renal portal veins. Each 
glomerulus is composed of an arteriole (from the renal artery) which ends in a 
knot of capillaries whose outlet is a vessel connecting with the renal vein. 
The capillary knot is almost surrounded by an invagination of the end of a renal 
tubule which becomes a double-walled, delicate Bowman's capsule. 

The vessel leaving the glomerulus is usually smaller than that entering it, 
and there is evidence that both blood and osmotic pressures are higher in the 
glomerulus than in the contiguous excretory capsule. A protein-free filtrate, 
containing waste nitrogenous products, passes over into the capsule and, 
helped by the beat of cilia, down the uriniferous tubule. At the same time 
there occurs a selective reabsorption of fluids and dissolved substances valuable 
to the animal, and these are transferred back into the general circulation. The 
urinary residue, including waste metabolites, passes down the tubule, and with 
the cargo from numerous others, is taken up by one of many collectit^ tubules 
which opoi into the mesonephric or Wolflian du^. Each of these (Fig. 277* 
passes backwards from the outer border of the kidney and opens into the 
dorsal wall of the cloaca {Cl.). The kidney is developed from the mesonephros 
of the embryo, the urinary duct from the mesonephric duct. In the larva, 
a large pronephros is jnesent and is, for a time, the functional kidney. 

Opening into the cloaca on its ventral side is the urinary Idaddar (Fig. 270, 
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W.) (p. 401), an organ now encountered for the first time. It is a bilobed, thin- 
walled, and very delicate sac into which the urine passes by gravitation from 
the cloaca when the vent is closed. This sac is a urinary Uadder and is quite 
different morphologically from the organ of the same name in fishes (which 
is a dilatation of the mesonephric duct) and is distinguished as an allantoic 
bladder. From this urinary bladder, in the fro^, further fluid can be reabsorbed 
into the circulatoiy system. 

Because of its semi-permeable surface, the frog is in constant danger of 

being either waterlogged or dehydrated in ex- 
tremes of climate. It overcomes the former 
danger by the extraordinary efficiency of its, 
glomerular system, which enables it to eliminate, 
when necessary, up to one-third of its body- 
weight in fluid per day. However, as we have 
seen (p. 285), not even the auxiliary extra-renal 
water-absorbing mechanism of the bladder can 
enable the frog to withstand high tempera- 
tures (see also p. 385). 

Reprodueflon. — In the male the testes (HO) are 
white ovoid bodies l3dng ventral to the anterior 
ends of the kidne3rs. They are attached to the 
kidneys by folds of mesorchium, which are con- 
tinuous with the peritoneal epithelium that 
cloaks the ventral face of each kidney and lines 
the entire body cavity. 

The testes contain long, convoluted setnin- 
Fio. 277.— Aaiw.* Urino- i/erous (sbermatogenetic) tubules, and in the 

doTsai aorta; Cl. cloaca; Cv. interstices between are held numbers of L^dig 

interstiHol cells which produce male sex 
apertures of mesonephric d’ucto hotmone under the Stimulation of a pituitary 
^ts.‘^*(Aftir gonadotrophin (p. 150). The seasonal liberation 

of male testosterone in turn modifies the second- 
ary sexual' organs, including the nuptial pad (p. 390), and leads to appro- 
priate chaises in behaviour. Seminiferous activity, too, is'under the control 
of the anterior pituitary. The spermatozoa are shed into ccUecling tubules, 
which lead to a ntonber of ddicate vasa efferenHa. These leave the inner edge 
of each testis, pass between the mesorchial folds, and enter the nearby kidney 
and become cormected with the urinary tubules. The spenmudc firdd is thus 
passed into the urinary tubules and carried ofi hy the Wedffian duct, whidi in 
the male frog is therefcae a uiinogenital duct. This duct is to the 

lateral edge of the kidney. The spermatozoa are carried down tbig towards a 
oesicula setninalis (Fig. 270, vs. sem.) or soninal vesicle, whtdi is a dflation, of 
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glandular appearance, near the cloaca. This vesicle receives qtermatozoa 
through numerous small ducts in the outer side of the Wolffian duct. Stmage 
occurs (in at least some species) before am^xm (see below). This mechanimi 
has remained at a very primitive level, and is another ind kati oo that the 
parental amphibian stock separated very early in the evolutionary history of 
vertebrates. 

Attached to eadi testis are lobed 
bodies of a bright yellow colour — ^the 
fai-boiies {FK) or corpora adiposa, which 
are food reserves during aestivation. 

The ovaries (Fig. 278, Ov.) are large, 
folded, multi-lobed sacs, each of which 
is held in position by a peritoneal fold, 
the mesovarium, which also covers the 
ovary as a delicate membrane, on the 
surface of which the black-and-white 
ova project. A fat-body is attached to 
each ovary. 

The ovary is under the control of 
the anterior pituitary, and in turn pro- 
duces a female sex hormone, or hormones, 
which influences the secondary sexual 
organs and behaviour. It varies con- 
siderably in size according to season 
and reproductive condition. The ovaries 
of some of the Ranidae may contain as 
many as 20,000 eggs, each measuring 
about 1*75 mm. in diameter. The Giant 
Toad (Bu/o marinus) can produce 16,000 
eggs in a single day. ‘Ripe’ ovaries 
usually give the whole body a puffed 
appearance. The ova are extruded 
through the ovarian wall directly into 
the coelom. There is experimental evidence that, in R. pipiens at least, the 
eggs cannot yet be fertilised. Each oviduct [od.) is a greatly convoluted tube, 
the narrow anterior end of wduch opens into the coelom by a sUt-like aperture, 
the ostium tuba (of.). The paired oviducts open close to the roots of the 
lungs. Ova ate driven into Ihe oviducts by the actimi of petit<meal dlia. 
(Some Species have cUia even on the surface of the lungs axidpexicaidium.) In- 
side the ovidtt^s, the ^;gs take 00 an albuminous covering and can thereafter 
be fertihsed. As titey ate propdled down the tube by oviducal dlia they 
become progressively more gelatinous. Finally, they reach the wide, thin- 



Fig. 278.— Aana; UtinoewitalnsteniiB 
ftmato. N, kidneys; Od. oviduct; Of, its 
coelomic ap^ure ; Ov. left ovary (the right is 
removed); P,cloacal aperture of oviduct; S, 
S', cloacal apertures of mesonephric ducts; 
Uf. posterior dilatation of oviduct. (After 
Wiedersheim.) 
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walled posterior parts of the tubes which become immensely dilated until 
the eggs are shed. 

Fertilisation is external. In amplexus the male applies himself to the 
dorsal surface of the female, aided by a modified, additional paired digit, the 
prehallux, and the nuptial-pad (pp. 390, 416). So tenacious is the grip that a 
male’s fore-legs may sometimes be broken before it will release its hold. There 
is experimental evidence that this activity, once under way, involves essentially 
a simple reflex spinal arc, since it may continue after decapitation. 

The male of R. temporaria has been known to clasp a fish or floating stick 
at the height of the sexual season, in the absence of a female. The swollen 
female may carry the male around for several days .until the eggs are shed.! 
As they are voided, the male pours spermatic fluid over them, achieving- 
fertilisation. The process in the majority of .species occurs in water. 

Development. — The eggs are laid in water in gelatinous aggregations. The 
gelatinous material swells in water and protects the conspicuous eggs from 
small aquatic predators and buffers them against injury. Each egg has a black 
and a white hemisphere. The former is always directed upwards and surrounded 
by a sphere of jelly. The egg is telolecithal, the protoplasm being mainly 
accumulated in the pigmented hemisphere, while the white hemisphere is 
loaded with yolk. After the male sheds spermatic fluid over the eggs, the 
spermatozoa penetrate the albuminous jelly and vitelline membrane. In a 
short time the jelly swells and becomes thereafter impermeable to spermatozoa. 

Segmentation begins by a vertical division of the fertilised egg into two 
cells (Fig. 279, A), and is soon followed by a second vertical furrow at right angles 
to the first {B), and then by an equatorial furrow placed nearer the black than 
the white pole (C). Thus the eight-celled embryo consists of four smaller 
black cells and four larger white cells. Further divisions take place {D), the 
black cells dividing rapidly into micromeres {mi.), the white, more slowly, 
into megameres (»jg.). As in previous cases, the presence of yolk hinders the 
process of segmentation. The pigmented micromeres (D-F, mi.) give rise 
to the ectoderm, which is many-layered : the megameres {n^.) contribute to 
all three germ layers and are conunonly called yolh-cdls. During the process 
of segmentation a blastocode {E, bl. cod.) or segmentation-cavity appears in the 
upper hemisphere. 

The black now begins to encroach on the white hemisphere until it covers the 
whole embryo except for a small patch, known as thtyolk-pUtg {G, H,yk. pi.), at 
what will become the posterior end. This process is one of epiboly : the margin 
of cells surrounding the yolk-plug forms the lips of the blastopore. 

The archenteron {I, ent.) arises by invagination of cdls at the blastopore. 
The archenteron is at first a very narrow cleft, but soon widens conriderably. 
For a loi^ time it does not actually conununicate with the exterior, rince the 
blastopore is filled with the yolk-plug. As the ardienteron extends forwards. 
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Fig. 279. — Hana: Devetopment. A — F, segmentation: G, overgrowth of ectoderm; H, 
establishment of germinal layers; J, K, assumption of tadpole-form and establishment of 
nervous system and the notochord. The disputed enteric canal (see text) is also shown. L, 
newly. hatched tadpole, hi, ccel, blastocoele; blp, hlp\ blastopore; hr. i, 6f. 2, gills; hr. cl. branchial 
arches; e. eye; Mf. ectoderm; end, endoderm; ent, entcron; /. hr, fore-brain; h, hr, hind-brain; 

or. mid-brain; md./. medullary fold; md.gr. medullary groove; m«5. mesoderm; mg.megameres; 
?**• mictomeres; nch, notochord; n. e, c, neurenteric canal; pcdm, proctodaeum; pty, pituitary 
invagination; r£f. commencement of rectum; sA. sucker; cd. spu^cord; $fdm. stomodaeum ; 

r yoUt-cells; yk, pi, yolk-plug. {A — D, F — H, and J from Ziegler's models; £, I, K, 
ana L after A. M. Marshall.) 
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the blastocoele gradually disappears. The walls of the archent^r^ui are formed 
by endodermal cells, except for a strip of chordamesoderm lying along the 
antero-posterior axis of the archenteron roof. This separates off to fonn a 
notochord, whilst the endodermal cells fram gut walls, the archenteron provid- 
ing the lumen of the gut. Meanwhile mesodermal cdls have invaginated 
ventrally and laterally to the yolk-plug and extended forwards and upwards 
between the ectoderm and endoderm layers. The mesoderm subsequently 
forms somites and lateral plate mesoderm. 

The edges of the lower margin of the blastopore now begin to approach one 
another, and, uniting in the median plane, give rise to a vertical groove. In 
the meantime medullary folds (H. md. /.) appear and mark the dorsal surface. 
They are at first widely separated, but gradually approach one another and , 
dose over the medullary groove {md. gr.), thus giving rise to the central nervous 
system. Posteriorly they are continuous with the lips of the blastopore. The 
neurenteric groove becomes dosed in behind. It has been claimed in the past 
that the archenteron communicates with the neurocoele by a neurenteric canal, 
but most recent workers doubt whether this actually exists, or if it does, that it 
persists for more than an hour. 

The embryo soon begins to dongate. One end is broad, and, becoming 
separated by a slight constriction, is marked out as the head. The other end 
is bluntly pointed and is the rudiment of the tail (/.). On the ventral surface of 
the root of the tail a proctodaum {pcdm.) appears and communicates urith the 
archenteron. The head and tail become more distinct. A pit — the siomodtsum 
{J, R, L, stdm.) — appears on the antero-ventral surfoce of the head, and, imme- 
diately behind it (in R. temporaria), a semilunar area with raised edges, the 
sticker (sk.). The anatomical relationships of these structures vary among 
spedes. At each side of the head two branched processes appear. These 
are the external gills {br. i, br. 2), and the regions from which they arise mark 
the positions of the first and second branchial arches. 

The embryos are now hatched as tadpoles. They swim freely in the water or 
adhere to weeds by means of the sucker, which is really a glandular apparatus. 
They are still blind and mouthless; the stomodseum is not yet in communica- 
tion with the archenteron. Soon a third pair of external gills appears on the 
third branchial arch, and the first two pairs increase gr^tly in size. The 
stomodseum joins the azchenteron. Gill-slits (tuanchial clefts) are formed 
between the branchial arches, and eyes appear. The mouth is small, bounded 
by lips beset with homy papillae and provided with a pair of homy jaws. This 
buccal rasp fragments the browsed food into minute partides which, in suspen- 
sion, are gulped in by the action of the masticatory muscles and, entai^l^ in 
mucus, are carried into the oesophagus by pharyn^^al cilia. Strings of food- 
impregnated mucus thus reach the stomach. The food is passed into the 
intestine, which grows to a relatively great length and is coiled. 
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Soon the external gills ^ow signs of shrivdling. At the same time ifitenud 
giUs not unlike those of fishes are developed in the branchial clefts. A f<dd 
of skin, the opercuUm, appears in front of the gills on each ade. It grows iraai 
the r^on of the hyoid arch, and extends backwards until the gill-slits and 
external gills are covered. In Rana, the operculum <ui the ri ght side soon 
unites with the body-wall so as to dose the branchial aperture, but on the left 
side an opening (the spiracle) remains for a considerable time as the sole means 
of exit of water from the opercular chamber and therefore all visceral defts. 
In other genera the opening is on the right side; and in yet others it is 
bilateral. At this stage the tadpole is strikingly fish-like. The longs now 
appear, and the larva for a time becomes truly amphibious : it rises periodically 
to the surface to breathe air. * 

Meantime, limbs are developed. The hind-limbs appear as little rounded 
buds, one on each side of the root of the tail. The fore-limbs arise beneath 
the operculum and are therefore hidden at first. Soon, however, they emerge 
by forcing their way through the operculum on the right and the spirade on 
the left. As the limbs increase in size the tail undergoes a progressive shrinking, 
'fhe mouth widens by the backward rotation of the suspensorium. The 
intestine undergoes a rdative diminution in length as vegetable is exchanged 
for animal diet. The small, tailed frog can now leave the water and hop about 
upon land. Its tail is soon completely absorbed. Metamorphosis is complete. 

Partial neoteny has been recorded several times in R. esculenta. In this 
rare developmental abnormality metamorphosis is halted at the bud-stage in 
the hind-limb, yet the animal increases in overall size, becoming a bloated and 
gigantic tadpole 70 or 80 mm. long. Removal of the thyroid gland (p. 151) 
produces a very similar condition in the laboratory (see also pp. 2, 3). 


INTERRELATlONSHiP OF AMPHIBIAN GROUPS 

The dassification of the Amphibia is uncertain. There are few known links 
between the various orders found in the late Pabeozoic and early Mesozoic rocks 
(p. 3) and the three widdy divergent tribes — ^frogs, salamanders, andcsecilians — 
that survive to-day (p. 388). The prindpal extinct groups are as fdlows : 

SUB-CLASS APSIDOSPONDYLI 

This great group is characterised by the possession of vertdnrae which 
exhibit coonderaUe variatkn, but vdiidi are poobably a i£rect inheritaaoe from 
crossopter y gian ancestry. They have centra formed from cartilage blocks in 
units of two wluch are ossified, in varying d^[ree, as antaior intercentra aikl 
posterior pleurocmitra. We will see that sudi a bade pattern perdsts through- 
out the vmtebrate series. Theapsidospcaid^doiisan^hibiansfallintotwosttper- 
oiders, the Labyriathodontia and tlw Sallmtia (firogs, p. 428). 



422 


ZOOLOGY 


Super-Order Labyrinthodontia 

The name Labyrinthodontia is derived from the characteristic pattern of 
the teeth (Fig. 280). In cross-section the teeth show a prominent radiating 



Fig. 280. — Labyiiatbodontia: Tootb 
ftmctme* The labyrinthine infolding is 
here shown in the stereospondylid Mastodon- 
saurus* (From B.M. (N.H.) Catalogue.) 


infolding of the enamel surface. Laby- 
rinthodonts, arising from a fish ancestry 
in the Devonian, appear to exhibit at 
least two distinct evolutionary trends. 
From primitive aquatic forms there 
developed the extremely abundant 
Rhachitomi which were to become, iri ’ 
the Permian, markedly terrestrial. 
These in turn gave rise to the Stereo- 
spondyli, which became degenerate in 
many respects, and secondarily aquatic. 
Accompanying this general trend were 
progressive skeletal changes which were 
particularly impressive in skull and 
vertebrae (Fig. 281). This trend did not 
survive the Triassic (p, 3). 




Fig. 281 
view. ». 


7-^lqninttiodoiilia: Skolli and Viflelim, The top series shows vertebras in lateral 
interceotnim; sp. spinous process. Each pleurocentmm (p. c,) is l^k. The 
MOWS skulte tn pala^ view, illustrating trends in vacuolation and variation in the 
bottom series iUustrates the proporttems of height to widthin 
tndi^te trends in lab^nthodont evolution acccxrding to Colbert. The 
skulls, drawn to the same length, are not to scale. (After Colbert.) 
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Probably stemming from primitive labyrinthodonts in another direction 
vtrere the essentially aquatic Embolomeri. S^e have suggested that these may 
have shared their ancestry with the Carboniferous stem-reptiles (pp. 458, 486). 

Order Ichthyostegalia 

These are the earliest known Amphibia (Fig. 282). One, embedded in the 
Upper Devonian of Canada, was the remarkable Elpistostege, perhaps the 
nearest approach to a true prototetrapod yet described (p. 382). This animal 



Fig. 282.— Super-order Xaliyiiiithedmtia, Order lobihrMtagsIl^ Famfly 
tcMhuosieaa* Reconstruction. These late Devonian and Carboniferous amphibia^ existed 
in Gie^^ when the climate was rather diflerent from now. They perhaps retainedtracM of 
their osteichthian ancestry in the possession of a tail supported by true fin-«^. Tm skuIIs 
were often more than 6 inches long. (See also Figs. 281 and 283.) (From B.M. (N.H.) Catuogue.) 


was perhaps very close to the rhipidistian crossopterygians in its cranial struc- 
ture, which in fact seemed to be intermediate between the crossopterygians and 
Ichthyostega to be dealt with below. It is unfortunate that few elements have 
^en discovered. It is not known whether Elpistostege had fins or l^[s. Only 
a part of its dermal cranial roof is known from a single specimen. 

Icfuhyostega and Ichthystegopsis, which are found in Greenland fresh-water 
deposits of either Upper Devonian or Lower Carboniferous age, are now much 
l^etter kiwwn. The skull of Ichthyostega was about 8 inches Ica^ and possessed 
three interesting features (F^. 283). A pre-opercular and possibly a snb-oper- 
cular persisted <m the back oi the squamosal and quadiatojugal bones as a rdic 
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of the fish opercular series, although no actual operculum has been shown. The 
septomaxilla formed part of the dermal coverii^ of the skull. The nose con- 
sisted of a pit on the under side of the skull, which was bridged by a process of 
the maxilla and divided into anterior and posterior parts. This last c<mdition 
is reminiscent of that found in the Dipnoi and some of the early crossopterygians, 




Fig. 283. — iehth^miegn: Oimiliam, bs. basisphenoid ; 4o. supraGccipital; ec, ectopterygoid: 
en, external nares; f, frontal; in. internal nares; j. jugal; /. lacnrymal; m. maxilla; fi. nasal; 
p. parietal; pf. postfrontal; pi. palatine; pm. premaxilla; po. poatorbital; pop, preopercular; 
pvf. prefrontal; ps. parasphenoid; pt. pterygoid; pv. prevomer; q. quadrate; qj. quadnito-jugal; 
r. rostral; sm. septomaxillary; sq, squamosal; st. supratemporal; t. tabular. (After Romer.) 


while in all tetrapods the anterior opening of the nasal pit has migrated to the 
upper surface of the skull and become completely closed off from the posterior 
opening, so as to form true internal and external nares (Fig. 89, p. 138). 


Order Rhachitomi 

These (e.g. Eryops) were among the most {identiful and pedis^ typical 
labyrinthodonts. They flourished during the Permian and Triaasie, bat may 
have arisen much earlier. Their rhachitmnotts vertelnae had a semi-lunar, 
wedge-like intercentrum and one or two (posterkn) plearocentra in addition to 
a vertical neural arch (Fig. 281). about 5 leetkn^, had adiort powerful 

tegs and five toes. The huge dejnessed skull had large interpterygoid cavities- 


PHYLUM CHORDATA 


4*5 

An otic notdi occurred. Oanial and lower lateral dements were united. In 
general, we bave the impresskm of a superficially crocodilian animal which 
spent much time out of the water. 

Order Stereospondyu 

These (e.g. CapUosaurus, Cydotosaurus, Paracycloiosaurus (Fig. 284). arose 
from rhadiitcnne stock. Transitional t3rpes lived in the early Triasdc. 



Fto. *84.— Super-oiderlBlintofliodiaitts, Order 

circlotoMMtrMi. Upper Trleesic form {P. davidi) was probably the ^ert fobyrmtt^ont 

Imown. It reached a lengUi of about 1 1 feet and its skull, heavily armoured 
some 3 feet in length. This perhaps represents almost the end-phas^f a la^rnnOw^ont trend 
that led to the abandonment of land for a secondarUy aqua^ life. The hmbs weted ^w^te . 
and the great weight rested principally on the plate-like clavicles and mterclavicle. ^e 
looking eyes reveal its bottom-hunting existence. The fore-feet of mmy stere o^ rodyto (u^^te 
Cyclotosaurus) possessed rmly four toes. Paraeyelotosautus was found m the Wianamatta fish-bed of 
St. Peter's, Sydney, alongside fishes closely related to Palaomsetts (p. a86) and Semumotus (p. 292). 


These still labyrinthodont animals were undergoing a general d^eneration 
and were returning to the water, and there is evidence that, at the same 
time, some had spemalised to a degree that allowed the colonisation of the sea 
(«-g. the probaMy piscivOTOUS, long-snouted Trematosaurus). If this is indeed 
so. there is posed the feariimting prd^em of their larval development (p. 385). 
The Stereospmuhli had vmtebrsB in which the plenrocentia had vanished ot 




ZOOLOGY 


426 

almost so, the intercentra joining almost the whole structure. Skull ossifica- 
tion was much reduced except in the exoccipitals,; which formed a double 
condyle. In the brain-floor region the basi-ocdpitals and basisphenoid had 
become unimportant compared with the hyper-development of the para- 
sphenoid, which had apparently firm unions with the pterygoids. Large 
interpterygoid vacuities occurred. 

Ibese animals were large and heavy-headed. The skull of Mastodonsaurus 
was more than three feet long, though some forms (e.g. Brachyops) had short 
(though heavy) heads. The flattened skulls, dorsally placed eyes, and massive 
supporting pectoral plate (formed from clavicles and'ifi'terclavicles) suggest . a, 
shaUow-water, bottom-dwelling existence. It is certain that the weak limt)s . 
would have been inadequate efficiently to carry such a heavy, short body 
unsupported by water. 

Ibese curious creatures disappeared towards the end of the Triassic, 
possibly as a result of competition from the many aquatic reptiles which had 
then arisen. 

Order Embolomeri 

Appearing first in the Carboniferous, the Embolomeri became abundant 
during the Permian, but did not survive beyond the Trias. Some of the early 
forms are very important, as they show features which are fish-like, yet at the 
same time they provided possible ancestors of the reptiles. Superficially some 
of the Carboniferous lab}ninthodonts were rather like modem crocodiles, and 
some of them reached a length of more than 3 metres. Palaogyrinus (Fig. 285 B) 
had a long, cylindrical body with a powerful tail and poorly developed limbs. 
It has been claimed that the shoulder-girdle was attached to the back of the 
skull by a post-temporal bone, as in fishes. The build of the skull of these 
Carboniferous forms was very similar in general stracture to that of the osteo- 
lepid fishes (Fig. 285 A), except that the specialised hinge (between the parietals 
and post-parietals) was missing. An important feature is seen in the stracture 
of the teeth, which had the dentine infolded at the base into lab3nrinthine 
grooves, as in osteolepids. The vertebrae were embohmerous, consisting of a 
neural arch resting on two notochordal centra, an anterior intercentrum and a 
posterior pleurocentrum. The shoulder-girdle recalls that" of the osteolepid 
fishes and the scapulocoracoid bone has increased in size. The pelvis was 
peculiar in being the only one known among tetrapods not directly attached to 
the vertebral column. It was held in place by ligaments. 

The remarkable Eogyrinus, which lived during the Lower Carboniferous, and 
which is found particularly in coal-measure deposits, had douUe c^itra in 
which both (anterior) inter-centra and (posterior) pleuracentra formed complete 
discs. One or both of these were united Mdth the neural ardh. Both skull, 
roof, and palate were well-ossified and primitive in arrangement. The latter 
had vacuities between the pterygoids and the parasphoroid. There was on 
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each side a. mobile articulation between cranium and palate, a oonditicin 
resembling that of bony fishes. A well-developed stapes (arising fnnn the 
piscine hyomandibular) and an otic notdi occurred. The body and tail were 
long and superficially crocodilian. The limbs were short with, possibly, 
fish-like girdles. 



Fig. 285.— WihHunahiMaw reUtionshipi: Cranial bonMU A. OsUolepis (see p. 355), a 
Devonian fish from the Red Sandstone of Scotland, and B* Palaogytinus, a Carboniferous am- 
phibian (Emboiomeri) from the Middle Coal Measures of Europe. The skull architecture of both 
animals shows considerable similarity. In the amphibian the remarkable hinge between parietals 
and post-parietals is missing. Ft. frontal; /. Par. interparietal; Ju. jugal; L, lachrymal; Na, 
nasal; Par. parietal; P. par. post-parietal; P.O, post-orbital; Pr. pre-frontal; $. orb. supra- 
orbital; Sq. Squamosal; S.T. Supra-temporal; T. tabular; T.T. inter-temporal (modified after 
Watson). 


Some of the Emboiomeri were primitively aquatic, others apparently ter- 
restrial and, in addition, others seem to have become re-adapted to lake-life. 
M the same time ‘the ftmdamental morphology of the skeleton is strikingly 
uniform throughout the group ’ (Watson). 


Order Seymouriamorpha 

The Seymouriamorpha (e.g. S^mouria) (Fig. 286) is one of the most interest- 
ing known groups because it represents a stem apparently developed astride 
the transition line betwera the Amphibia and Reptilia. S^mntria exhibited, 
as Watson has ^own, the phenomenon of mosaic evolution, which we shall see 
•iisplayed with equal beauty in Archaopteryx, on the borderline between 
reptiles and birds (Fig. 414, p. 599), and in the ictidosaurs (p. 517), which likewise 
possess both typically reptilian and mammalian features. 

Seymouria was about 2 feet long and was Lower Permian in age. It had a 
relatively small, pointed head, dorsal nostrils, a comparativdy thidc body, and 
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short tail. All its limbs were pentadactyle, shorty muscular, and thrust from 
the mid-line in an apparently reptilian manner. Further evidence of its 
affinity with the stem-reptiles (p. 458) is as follows: Ae atlas and axb were 
formed from anterior cervicals, and the basiventrals were reduce to form 
inteicentra. There were a long interdavide, and a ventral coracoid osdfica- 
tion in the shoulder girdles. The pelvic girdles were anchored by means of 
two sacral vertebrae. The ilium was dorsally expanded for the attaudunent of 
strong walking muscles. Had only fragmentary material, with merely the 
above characters apparent, been available for study there would be small 
argument against the inclusion of Seymouria among ^e Reptilia. But most 
of the remaining pieces of the mosaic, so to speak, could readily come frorn, 
an embolomerous lab3nrinthodont amphibian. The skull was strongly ossified;'; 
and temporal fossae were absent. An intertemporal bone, absent in reptiles, 
wais retaiined. The palate, too, was primitive, and bore labyrinthodont- 
pattem teeth in pairs on vomers and palatines, ais well as in paurs on the jaw. 
The tympanic membrane, bounded above by the supratemporal and below by 
the squamosal, stretched across an otic notch, which extended forward below 
the tabulau* and supratemporal so that the quadrate sloped forward. The 
fenestra ovalis was below the basal level of the brain. There was practically 
no neck; the shoulder-girdle lay beneath the jaw. The vertebr® showed 
little differentiation and the cervical elonents bore ribs. Intercentra were 
present, and the ribs were large and double-headed, the knobs for attachment (to 
the intercentra) being retained. Seymouria perhaps lacked a cleithnim (present 
in most cotylosaurian reptiles) ; and some fossils show evidence of lateral line 
canals in the head region. If such canals did in fact exist they make certain 
its amphibian relationship. 

It has been suggested that the Upper Permian KoUassia exhibits erroneously 
changes typical of Amphibia that have reverted to the aquatic life. Kotlassia, 
incidentally, was erroneously reported to possess cosmine tissue (p. 83). 

Despite their obvious labyrinthodont affinity, it would seem that the 
Seymouriamorpha appeared too late to constitute the basis for the main 
reptilian radiations. The earliest reptiles had already appeared in the Car- 
boniferous. It would seem likely that both Seynnouriamorpha and Cotylo- 
sanria shared a common labyrinthodont ancestry. 

Super-order Salienta (Anura, Batrachia) 

Frogs very like those of to-day occurred at least as early as the Jurassic 
(p. 3) Md, like the Urodela (p. 432), are both d^;enerate and highly ^jedalised 
in their anatomy. There is some fossil evidrace that the Anura are Ascended 
^m aberrant lab3n'inthodonts (p. 422). Protobatrachus {Order Proanura), an 
indubitable frog ancestor from the Triassic of had a skull not 

unlike that of extant forms. The trunk, however, was longer than that of 
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modem frogs, and although the ilia were elongated, the post-cranial skdeton, 
including the caudal vertebrae, was not otherwise predominantly antuan. 
Otho’, more ancient, fit^-like amphibians (e.g. the Upper Carboniferous 
Amphibamus and Miobairachus) show cranial, vertebral, and other characters 
that sug^iest a labj-rinthodont affinity. For these the Order Eoanura (' dawn 
frogs ’) has been erected. It should be remembered, nevertheless, that these 
animals have not been unquestionably proved to be ancestral to modem 
batrachians. 



Fig. 386. — Order SsmumiisaiOlVha, Farndy SeymoniidsB, Sefftrumriai Ibmie evolatiaa. 

Sevniouria (Lower Permian of North America) possessed both amphibian and reptilian characters, 
but its sideUne flourished after the stem-reptiles (p. 458) had arisen and Sejn^uria hv^ 
porancously with them. It was about 2 feet long and is often placed with the reptilcis, but it 
probably possessed lateralis organs (Fig. 302, p, 449)* If so it is by definition an amphibian. 
(After Williston.) 

All the modem frogs and toads are, in the adult, four-legged, squat-^i^, 
and without tails. They fall into the following families : Liopelmidae (primitive 
hogs, with amphicoelous vertebrae, restricted to the New Zealand genus Liopehna 
and the North American Ascaphus) a remarkable example of discontinuous 
distribution. Ascaphus has a cloacal extension which apparently acts as an 
iatromittent organ during internal insemination); Discoglossidae (primitive 
' Eurasian and Philippine frogs with opisthoccelus vertebrae, free sacral vertebrae 
^ith biconvex centre, and three pairs of ribs. Known from Upper Oligocene 
and Miocene and related to next family) ; Pipidae (African and South American 
unurans lacking tongue and eyelids — except for PssudohyftufiMhifus, possessing 
j lower eyelids. This group includes Xenopus) ; Pelot^tidae (ribless anurans from 
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Eurasia. East Indies, and Seychelles) ; Bufonidse (widdy distributed true toads 
with all vertebrse procoelus and a double condyle to the cocc3rx, and induding 
both toothed and toothless genera which are sometimes placed in separate 
families ; common from the Miocene onwards) ; Brach}rcephalidae (a poly- 
phyletic group of Neotropical forms, allied to the Bufonidae ; with {nncoelus 
vertebrae and the pectoral girdles in partial or complete mid-line fusion); 
Hylidse (widely distributed bufonids with an intercalary cartilage or bone 
between the last two phalanges of each digit : tree-frogs, usually with daw- 
shaped phalanges ; but some are terrestrial or fossorial ; a Miocene fossil is 
known) ; Ranidae (true frogs of wide distribution except in South America 
and Australia, in each of which occurs only Rana ; Miocene) ; Rhacophorida 
(tropical Eurasian and African, Madagascan, East Indian ranid tree-frogs with 
cylindrical diapoph3^es and intercalary cartilages between the last two 
phalanges of each digit) ; Brevicipitidae (narrow-mouthed toads of ranid 
affinity and cosmopolitan distribution which differ skeletally from ranids 
chiefly in their more dilated sacral diapophyses; some advanced forms have 
become toothless and have lost all the ventral elements of the pectoral girdle 
except the coracoids). 


SUB-CLASS LEPOSPONDYLI 

The members of this side-line (which includes extant salamanders and 
caecilians) are essentially characterised by relatively simple lepospondylom 
vertebrae. It is held that the centrum of this type of vertebra wrats, unlike that 
of the Apsidospondyli, not pre-formed in cartilaige, but insteaul arose by 
direct ossification around the embryonic notochord. Each centrum sometimes 
retained am aperture housing part of a persistent notochord. 

The Lepospondyli were small, late Padaeozoic amphibiams, ranging from a 
few inches to a couple of feet in size. They flourished in the Carboniferous aind 
disappeared in the Permiam (p. 3). They (e.g. Diplocauhts) had the neural 
arches and the centra of the vertebrae co-ossified. Although the order indudes 
forms of a generalised build, they were for the most part bizarre animals, with 
the posterior comers of the skull-roof enormously enlarged (Fig. 287). A few 
were legless and sup>erficially snake-like (Fig. 288). 

Order Aistopoda 

These small aunphibiams had long, snadce-like bodies with ais mauiy as one 
htmdred vertebrae aind, often, curiously forked ribs (e.g. Ophiderpekm, Fig. 288). 
They are known only from Carboniferous deposits. 

Order Nectridia 

These bore symmetrically opposed neural and haemad spines on thdr caudal 
vertebrae. At least two distinct groups occurred in the Upp^ CarbcHiifcfoos. 
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One type was superficially snake-like and almost, or entirely, limbless (e.g. 
Sauropleura), whilst the other pos- 
sessed small limbs and a fiattened 
skull with grotesque protuberances. 

Thus Diphcaulus (Fig. 287) was 
about 2 feet long and had a huge 
triangular head and small limbs. 

Its eyes looked upwards. The skull 
bore an extraordinary armament 
formed by the outgrowth of the 
tabulars. The cranium was largely 
unossified, and other degenerative 
changes were manifest. If we dis- 
miss the all-important (from the 
diagnostic viewpoint) vertebrae, 
these could be mistaJcen for stem 
lab3uinthodonts (p. 422). 

Order Microsauria 
(Adelospondyli) 

Only a few microsaurians are 
known. In them the neural arches 
were loosely attached to single 
centra, which were excavated on 
each side. Lysorophus from the late Permian is known in some detail. It had 

an incompletely roofed skull, and showed 
much other evidence of cranial reduction, 
including the loss of circumorbital bones, 
which left the orbit open below. Its large 
branchial arches were ossified. This 
can lead only to the conclusion that gill- 
breathing was continued during adult life. 
These animals have been called Permian 
urodeles, but they retain too many laby- 
rinthodont characters to be closely re- 
lated to the Caudata, the earliest true 
examples of whidi were Cretaceous (p. 3). 

'Order Phyllospondyu ' 

The amphibians believed to consti- 
tute the ‘Order Phyllospondyli’ may, in fact, have been small-gilled larval 
tubyrinthodonts of rEachitome affinity. 



Fig. 288.— LwdtpendrlM xadiatkiii: 
wleton of aigtopod. Snake-like form of the 
^vboniferous OphvUfpeion, Certain nectri- 
aian3 (Fig. 287) became similarly elongated. 
(From Romer, after Fritschi.) 
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Fig. 287.— Lepospondylid radiation: Skull of 
nectridian (with a vertebra eharaeteriitic of inb- 

dasf) . A.* Homed * skull of Lower Permian Diplo- 
caultts in dorsal view (a little less than i natural 
size). B. Growth stages from very young (i) to 
large adult (5). C. Lepospondyl vertebra in right 
lateral view ({ths natural size) (cf. Fig. 281, p. 422). 
/. frontal; j, jugal; L lachrymal; />. parietal; pf. 
prefrontal; /w*. premaxillary; p, o. postorbital; 
pp, post-parietal; prf, prefrontal; sq, squamosal; 
St. supratemporal. (After Colbert.) 
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Order Urodela (Caudata) 

Although attempts have been made to derive the Urodela (newts and 
salamanders) from the Dipnoi, it is generally held that, however widely divergent 
are the three surviving lines, all amphibians come from the same stock (p. 282). 

Salamanders and newts (Figs. 290, 291) are degenerate animals with a 
determinable ancestry from the Cretaceous (e.g. 
Hemitrypus). They show many similarities to the 
early Lepospondyli, but no Jurassic or Triassic links 
have been discovered. It is riot without interest that 
one of the most celebrated of all fossils is that of a 
urodele. This is an Upper Miocene example of the 
cryptobrarichid Andrias (Fig. 289) unearthed bj' 
the Swiss, Scheuchzer, in the early i8th century and 
illustrated and described as Homo diluvii lestis (‘ Man. 
witness to the Deluge ’) in a contemporary treatise. 
Appended too was the following homily (tr.) : 

‘Oh, sad remains of bone, frame of poor Man of sin. 

Soften the heart and mind of recent sinful kin.’ 

It was left for Cuvier to show that the sinner was a 
salamander. 

Modem urodeles (Figs. 290, 291) probably fall into 
eight families as follows: H}mobiid£ (Asiatic land 
salamanders); Cr3fptobranchidae (large semi-larval 
Amphibia derived from the above which range through 
Asia and North America — known from the Miocene 
onwards) ; Amblystomidae (American salamanders 
differing from the above in their fused angulars, long 
premaxillary spines and internal fertilisation and from 
Fig. 289.— a witness of family in their short prevomers and amphi- 

^?***(F^m*B vertebrae) ; Salamandridae (Eurasian and Ameri- 

Cataisgue.) can Amphibia, including newts and terrestrial species 

— e.g. Salamandra — ^which have vomerine teeth on 
each side of the parasphenoid, amd opisthocoelus vertebrae; Oligocene fossils are 
known); Amphiumidae (Genus Amphiutna of North America, including the 
Conger-eel’, a semi-larval creature of salamandrid derivation possessing 
lungs, a bony pterygoid, posterior prevomeral processes, and premaodllary 
spines separating the nasals) ; Plethodontidae (American and European lung-less 
aquatic and terrestrial salaunanders of salamandrid (see above) stodc with a 
permanently cartilaginous pterygoid, vomerine teeth forming doitigerous 
patches over the parasphenoid, and a naso-lahial groove); Proteidae (per 
manently larval salamanders, with lungs and a distinctive antcriorl) 
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Fig. 290. — ^UloMt: Ptnmaftllt lllvlB* I. TypMomolge rathbuni, a blind plethodontid of 
^^orth American caves (Sub-order Salamandroidea) ; 2. Amphiumameans, the Con^ of North 
America (Sablamandrokl^) ; 3. Neciurus maculosus, North American Mud-puppy (rayteida), of 
the same famity as unpigmented European 01 m; 4. Strew lacertina (Meantes); 5. Crypto* 
^ranchus olUgaHimtis (Cryptobmachoidca). (After Noble.) 

Although alt extant sub-orders except one (Ambystomoidea) are represented above, it should 
he remembered it is only in the sub-orders Proteida and Meantes ^at alt forms are pemanently 
larval. Xh0 genic sjfid oQ^endent physiological factors controlling this varying condition (which 
Jj^i^sents further evidenoe of a retreat to the aquatic medium) have arisen independently several 
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directed pubo-ischiurti, including only the North American Nedurus and the 
blind, unpigmented, cave-dwelling Proteus of Europe); Sirenidae (American 
amphibians, e.g. Siren and Pseudobranchus of dubious affinities which, as adult 
forms, resemble the young of other families in possessing only forelimbs and an 
apparently ‘ juvenile ' skull. At the same time they possess reduced pterygoids, 
a separately ossified coracoid, and a prominent vomeronasal organ). 



Fig. 291. — Sub-order Salamandioideat Family SalamandridsB, 
Salantandra Balamandra* European Salamander. (After 
Cuvier.) 


Fig. 292. — Order Apoda, Family CflBCilidfle: 
Cephalic and genital etruetniee. Left: Head of 
Cacilia tentacula, showing site of protrusible ten- 
tacle between nostril and indistinct eye. Right: 
Eversible intromittent organ, armed with copu- 
latory grapples (see also pp. 350, 890). (After 
Noble.) 


Order Apoda (Gymnophiona, C^ciua)~ 

This little-known group consists of aberrant blind, worm-like, limbless, 
tropical Amphibia with a very short tail and an intromittent organ in the male 
(Fig. 292). The body is usually grooved transversely, and in the grooves are 
often series of minute scales, a legacy from Carboniferous ancestors. The eyes 
are lidless and sometimes covered by cranial bones. A protrusible sensory 
tentacle occurs betwera nostril and orbit. The vent is almost terminal. 
Cranial dements and scales seem to be lost with progress ve specialisation. The 
^uatic genus TyphUmectes has a flattened tail. Development of eg^ niay b® 
internal (e.g, TyphUmectes) or external (from large-yolked eggs laid in burrows 



PHYLUM CHORDATA 


435 


as in Rhinairema). ^ csedlians bdong to a angle family— the Cccilidae— 
which contains nineteen genera and about fifty-five species. Fossils are 
unknown, and the living animal is rarely seen. 

Qrilians are to-day restricted to damp, tropical areas, excluding Mada- 
gascar and Australasia. They are often extremely rare in regions that at 
first sight appear to provide for them eminently suitable habitats. Neverthe- 
less they are unusually common in the Seychelles. 

It has been suggested that the Apoda may be descended from the Carboni- 
ferous microsaurian Lepospondyli. These, as their name suggests, were once 
thought to be of reptilian affinity, but their amphibian relationship now seems 
well-establiiffied (p. 431). 


GENERAL ORGANISATION OF THE AMPHIBIA 
y!Yfaima.l Char acters. — ^An example of Urodela with persistent gills and 
lateral line is afforded by the North American Water-newt, or Mud-puppy, 
Necturus maculosus (Fig. 290). The animal is sometimes more than a foot 
long. The elongated trunk is separated by a slight constriction from the 
depressed head, and passes imperceptibly into the compressed tail, which is 
bordered by a continuous median fin unsupported by fin-rays. The limbs are 
small and weak in proportion to the body, and in the ordinary swimming 
attitude are directed backwards, more or less parallel to the sagittal plane. 
The upper arm and thigh take a direction backwards and slightly upwards. 
The fore-arm, hand, and the shank and foot extend backwards and down- 
wards. Each limb thus presents an external or dorsal and an internal or 
ventral surface, an anterior or pfc-tucicA border (which termmates in the first 
digit) and a posterior or postaxuU border (which terminates in the last digit). 
The eyes are small and have no eyelids. There is no tympanic membrane. 
The mouth is wide and bordered by thick lips. On each side of the neck are 
two gill-slits leading into the pharynx, the first between the first and 
second branchial arches, the other between the second and third. From the 
dorsal end of each of the three branchial arches springs a branched external 
gill. Very similar in its external characters is the blind, cave^welling, Proteus 
of Europe, which is, however, colourless. Siren (Fig. 290) differs mainly m Its 
elongated ed-like body and in the absence of hind-limbs. All three genera are 
perennibranchiate or persistent-gilled. 

The remaining Urodda are often called cadudbranchiate or demduous-gilled, 
and fumidi a complete series of transitions from derolremaiom forms which, 
whUe the gills, retain the giU-defts, to salamandrine forms in which all 
trace of branduate organisation disappears in the adult. In the America 
Ampkiuma (Fig. 290) the body is ed-like and the limbs are extiemdy 
There are no gills in the adult, but two pairs of gill-openings are retamed 
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throughout life. In Cryptobranchus there is a single branchial aperture, some- 
times present on the left side only ; but, as in the previou^y mentioned genera, 
four branchial arches are retained. In Megidohatrttduts, the Giant Salamander 
of Japan and China, all trace of giU-slits disappears, but two branchial ardies 
persist. This animal reaches a length of 5 feet. Lastly, in such species as the 
Spotted Salamander {Salamandra mactdosa. Fig. 29X) of Europe, and the com- 
mon British newts {Triturus), the adult has no trace either of gills br gill-slits, 
and the branchial arches are much reduced. The limbs in terrestrial sala- 
manders stand out from the trunk, and are plantigrade. All trace of a median 
fin disappears, the tail becoming nearly cylindrical. 

In the Anura the body is alwa}^ characteristic in ^ape. The head is . 
large and depressed with a wide mouth and large tympanic membranes in most 
genera. The snout in burrowing forms is often unusually sharp. It may be 
equipped with dermal ossifications, or it may remain blunt and be subcutane- 
ously invaded with bone. The trunk is short and the tail absent, and the 
hind- much larger than the fore-limbs. In many species of Hyla an extra- 
ordinary arboreality iS made possible by plate-like adhesive discs at the 
termination of the digits of all four legs. These discs are not suctorial in 
operation, but possess a moist, fibrous, corrugated anti-skid external layer 
which engages the leaf or stem. Capillary attraction is involved, as well as 
adhesion by means of mucus. The mucus is expressed by the action of collagen 
fibres which operate on the glands during the motions of climbing. A unique 
intercalcary cartilage developed between the terminal and penultimate joints 
facilitates adjustments of the adhesive disc in relation to the toe-hold. Some 
tree-frogs (e.g. Chiromantis) have opposable digits in the manner of reptilian 
chamaeleons (p. 519) and many arboreal mammals. 

In some toads (e.g. Bu/o bufo), and most tree-frogs, the webs between the 
hind-toes are reduced or absent. In Rhacophorus, a genus of East African 
tree-frog, however, a web-surface greater than tlat of the ventral expanse of 
the body has been developed. Ventral surface and webbing of the elongated 
digits together produce a volplane mechanism functionally comparable with 
that of the reptile Draco (p. 518) and certmn marsupials (p. 717) and rodents. 
Thus R. nudabaricus can glide more than 30 feet from tree “to ground. Hyla 
venulosa (of the Lower Amazon) can glide safely from a height of no less than 
140 feet, even though its digits are unwebbed and not considerably enlarged 
(Cott). 

In the Apoda (Fig. 29a), the body is elongated and snake-like, the head is 
small and not depressed, and limbs are abs»it. There is hardly any tail. 
The vent (an.) occurs at the posterior end of the body on the ventral surface. 
These tropical animals mostly live in burrows. They are blind, or almost 
blind, but possess sensory tentacles lodged in pits. 

The skm of Amphibia is soft and usually shmy, owing to tile secretion of 
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the cutaneous glands, which is sometimes pmsmious. Thus when the European 
Natterjack (toad) {Bufo cdUmite^^ is frightened it exudes a protective white 
secretion erf pungent odour. Many toads (and salamanders) have small 
poison-glands aggregated into a prominent swelling, the partAoid glands, on 
each side of the head. The Natterjack has an analogous gland on each hind- 
leg. The large and conspicuous dorsal warts of toads are each perforated by 
a pore that leads to a poison gland beneath. On gentle handling by Man the 
toad does not bring the glands into operation, but when seized by a predator 
it ejects poison from all over its body. The exudate contains two active 
toxins, bttfotalin and bufogin, which, when swallowed, cause nausea, respira- 
tory and muscular impairment, as well as a digitalis-like action on the heart. 
Large experimental doses of toad-venom cause the mammalian heart to slow 
and finally stop in s]ystole. If attacked, the large Crested or Warty Newt 
(Triturus cristatus) of Europe discharges a secretion from its dorsal glands 
sufficiently venomous to cause a cat to foam at the mouth. 

The colour of the skin is often brilliant : the Spotted Salamander is 
yellow and black, and many fre^ are green and gold, scarlet and black, and 
so on. The green colour of tree-frogs is protective, serving to conceal them 
among the foliage of the plants on which they live. The beautiful and strongly 
contrasted hues of the Spotted Salamander and of some frogs may be instances 
of warning colours ; the animals are inedible owing to the acrid secretion of 
their cutaneous glands, and their conspicuous colours serve to warn off the 
birds and other animals which would otherwise devour them. Some tree- 
frogs are said to show no sign of fear of frog-eating birds, while the edible and 
more plainly coloured species are in constant danger. 

The secretion of the conspicuous black and blue Dendrobates tinctorius of 
Central America is sufficiently venomous to be used by the ‘ Indians ’ as an 
arrow poison. Pl^Uomedusa has a p>eculiar adaptation involving brilliant 
‘ flashes ' that are visible only when the animal leaps. The sudden flash and 
sudden disappearance of colour may have confusion value. In many tree- 
frogs the brightness of the coloration varies with changes in light intensity in 
the forest. Quite apart frenn camouflage or warning, some colours are no doubt 
of sexual significance, but few experimental data are available on this, or any 
other point cmiceniing the actual use, as apart from the physiological mechan- 
isms, of colour. 

In many toads the skin is dry, and covered with warts which as^t in 
harmonising the animak with their surroundings. The development of a dry 
skin by anurans was a ccmsiderable step towards hmnoeothermy, but as long 
as the anamniote was retained they had no chance of initiath^ a devdop- 
kent similar to that which led to the ranergence of the Reptilia (see p. 387). 

^^fltlraliitow — ^Aa exoskdeton is present in many burrowing Apoda in the 
form of smaU danoal scales. In some Anuta bony exodceletad plates occur 
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beneath the skin of the back. In an Asiatic utodele, Onychodactylus, and in the 
African toad, Xenofus, small, homy claws are present on the digits. The South 
American frog Leptodactylus pentadactyltis has homy chest grapples. With 
these and a few other exceptions the skin is devoid of hard parts. In the 
Australian Limnodynastes the endoskeletal long bone of the thumb perforates 
the surface and is an exoskeletal grappling aid during amplexus. 

Endoskeleton.— The vertebral column is usually divisible into a cervical region, 
containing a single vertebra devoid of transverse processes ; an abdomiruA or 



thoracolumbar region, containing a variable 
number of vertebrae with transverse processes 
and often with ribs; a sacral reg^n, con- 
taining usually a single vertebra, the laiie 
transverse processes — or the ribs — of whi^i 
give attachment to the ilia; and a caudd 
region, forming the skeleton of the tail. In 
the Apoda the caudal region is very short, 
and there is no sacmm. In the Anura the 
caudal region is represented by a single rod- 
shaped bone, the urostyle. The total number 
of vertebrae may reach 250 in Urodela and 
Apoda. In Anura there are commonly only 
nine vertebrae and a urostyle although ten 
occur in the primitive family Ascophidae and 
nine in some advanced genera. 


Fig. 293. — ^Urodela: Chondfooiaii- lower ' Urodela (e.g. AmMystoma) 

ft' “ntra ai. biconcave, as in fishes. Hiey 

and are lined at 

chord; ot. pr. otic process; ped. end by cartilage which is continuous 

adjacent vertebrae. The bony shell 
w. K. Parker.) is developed before the cartilage appears, so 

that the vertebrae are, in fact, investing bones. 
The neural arches, on the other hand, are far better developed than in any fish, 
^ well-formed zygapophyses. These articulate by s3movial joints. 

The Apoda also have biconcave vertebrae, but in the ‘ Higher ’ Urodela (e.g. 
balamandra (Fig. 291)) and the Anura absorption of cartilage takes place be- 
rlT “ such a way that the convex end of one fits into the 

Vrod^tTf * cup-and-baU joint. In the 'higher’ 

cisntTii ^ anterior, the concavity on the posterior face of 

thev are usnai’i ^ vertebrae are said to be opisthoccelous. In the Anura 
the^ usually, as m Rana, proccelous. 

<rf the*^^ vertebra bears paired articular surfaces for the condyles 

. and between them the anterior face of the centrum gives off, in 
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Urodda, a projection called the odontoid process. The Urodela, moreover, 
Ixave ribs articulating with the transverse processes of the abdominal and 
sacral vertdjrae. These are short bones, forked proximally ; and thdr com- 
pressed transverse processes are correspondingly divided. The sacral ribs of 
urodeles give attachment to the ilia, and the caudal vertebrae bear haemal ardies. 
In at least two genera the sharp free end of libs penetrates the integument, 
apparently as a protective device {Pleurodeles, Tylototriton) (see also p. 739). 

The skuU of Urodela differs from that of the frog in many important 



Fig. 294. — Urodfila: Skull. Salamandraatra. Lf//,«from above; from below. In both 

the investing bones are removed on the right side of the figure. Af, antorbital process; As, 
alisphenoid region: Bp, basal plate; Can, nasal cavity; Ch, posterior nares; Ci, process of 
internasal plate; Cocc, occipital condyles; F. frontal; FI. olfactory foramen; Fov. fenestra 
ovalis; IN. intemasal plate; Lgt. ligament connecting stapes with suspensorium; M. maxilla; 
N. nasal; Na. nasal aperture; NK. olfactory capsule; OB. auditory capsule; os. sphenethmoid 
(orbitosphenoid) ; Osp. supraoccipital region; P. parietal; Pa. ascending process of suspen- 
sorium; ped. pedicle; Pf. prefrontal; Pmx. premaxilla; Pot. otic process of suspensorium; 
Pp. palatine process of maxilla ; Ps. parasphenoid ; Pt. pterygoid bones; Pic. pterygoid cartilage; 
Rt. foramen for ophthalmic branch of trigeminal: Qu. quadrate; Sqit, squamosal; St. stapes; 
Fo. vomer; vomero-palatine ; Z. process of intemasal plate; //. optic foramen; F. trigeminal 
foramen; F/J. facial foramen. (After Wiedersheim.) 

respects. Most strikingly, the trabeculae do not meet either below the brain 
to form a basis cranii, or above it to form a cranial roof. Thus, when investing 
bones are removed, the cranium (Fig. 293) is completed above and below in 
the parachordal or occipital region only. Anterior to this it has side walls, 
but no roof or floor. There is, above, a huge superior cranial fontanelle, and 
below an equally large basicranial fontanelle. The former is covered, in the 
complete skull, by the parietals and frontals, the latter by the parasphenoid. 
In the pereiuiibranchiate forms Necturus and Proteus the trabeculae remain, 
in the adult, as narrow cartilaginous bars. The chondrocranium is 
actually of a lower or more embryonic type than that of any other Craniata, 
^ith the possible egcception of Petromyzontia and Myxinoidea (p. 175)* 
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In the Urodela, moreover, the parietals (Fig. 294, P.) imd frcmtals (F.) 
are separate. The parasphenoid (Ps.) is not T>shaped. The palatine and 
vomer are sometimes represented by a single bone, the vomnopalatine {Vop.)^ 
beating teeth. The suspensorium is inclined forwards, as in the tadpole, not 
backwards, as in the adult frog. The hyoid arch is large, and its dorsal end 
may be separated as a hyonvmdibular. There are three or four branchial 
an^es. These are large in the perennibrandiiate forms, but undergo mote 
or less reduction in cadudbranch species, although they never form sudi a 
simple structure as that seen in the frog. The stapes has no extra-columella 
attached to it, and, in correspondence with this, thepe is no t3mfipanic cavity 
or membrane. 



Fic. 295. — ^Apoda: SkolL M- 
thyophis ^uiinosa, x 3. A, 
Lateral; B, Ventral; C, Dorsal 
view. A, posterior process of the 
os articulare; C0. carotid foramen; 
Ch, choana or posterior nasal 
opening; F. frontal; /. jugal; 
LO. exoccipital ; Mx, maxilla ; A', 
nasal; No, nostril; O. orbit; P. 
parie^; Pa. palatine; Pm. prc< 
maxilla; Pof. postfrontal; Prj. 
prefrontal; Pt. pterygoid; Q. 
quadrate; 5 . squamosal; St. 
stapes; T. tentacular groove; Vo. 
vomer; X. exit of vagus ncn'e. 
(After Sarasin.) 


In the Anura there is a very wide range of variation in the skull. Among 
the most important points are the presence, in a few spedes, of small supra- 
and basi-ocdpitals. In others the roofing investing bones are curiously 
sculptured and so strongly developed as to give the skull a singularly robust 
appearance. _ 

In the Apoda (Fig. 295) very little of the original cartilage remains in the 
adult state, but the investing bones are very large and form an extremely 
complete and substantial structure, especially remarkable for the way in 
whi(± the small orbit (O.) is completely surrounded by Ixmes. 

The shoulder-girdie of Urodela (Fig. 296) is chiefly remarkaUe few the great 
size of the unossified coracoids {A. Co.. B, Cj which overlap wie another on 
the vmtral body-wall. The procoracoid (C/.) is also large, and there is no 
davide. The sternum (St.) is usually a more or less tfuMnbend {datte of cartilago 
between the posterior aids of the coracoids, and there is no mnostemuni' 



PHYLUM CHORDATA 


441 


In NtctufHS, however, the steinum presents a very interesting structure ; it 
is a narrow, irregular, median bar, sending ofl branches tight and left into the 
inyoconunas. This condition suggests an origin by the fusion of abdominal 
ribs, or supporting structures 
developed between the ventral 
portions of the myomeres, just as 
the true ribs are formed between 
their dorsal portions. In the 
Anura the epicoracoids either 
simply meet one another in the 
middle vratral line, as in Rana, 
or overlap, as in the Fire-toad 
(Bombinator) and the tree-frogs 
(Hyla). The overlapping of the 
coracoids, in Anura as in Urodela, 
is sometimes correlated with the 
absence of an omostemum. In 
the Labyrinthodontia there was 
a median ventral investing bone, 
the inter-davide, connected on 
each side with the clavicle and 
extended backwards to the ster- 
num. There was also, on each 
side, a deithrum, cormected with 
the adjacent clavicle. This is re- 
tained in the extant Ascaphidae. 

In the pdvic girdle of the 
Urodela the combined pubic and 
ischiatdic r^ons (Fig. 297, P.. 

h.) of the right and left sides aoo.-Uwdris: Shma4«^«Mto sad •tanram. 

are united to form an elongated a, right side of girdle of Salemandrai B, shoulder* 

„„ .'I . , , v L • girdle and sternum of ./4m6fvstom« (Axolotl) from the 

cartllagmous plate which gives ««jtral aspect, a. b. pnxiemes of ]^ula; C. (in 
of( on eadi dde, above the ace- 
tabulum (G.), a slender vertical 
fod, the ilium {II.). Ossifications 
are formed in the iliac and 
i^iatdic r^ons, but the pulnc region remains cartilaginous. The resemblance 
of the pdvis <rf the lower Urodela, and especially of Nedurus, to that of Pdyp- 
terus (p. 290) and (rf the Dipnoi (p. 361) is noteworthy. 

Attached to the anterior bonder of the pubic region there occurs in many 
'Jrodela and in Xonopus a rod of cartilage, forked in front, the epipnbis {Ep.). 
It is develofied indniendently of the pdvis and its relations to that structure 
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B), coracoid; C/. procoracoid; \»a /i;, wsoww. 
G. (in A), glenoid cavity; L. its cartilaginous edge; 
Pf. (in B), glenoid cavity; S. scapula; SS. supra- 
scapula; st, sternum; *, t- nerve foramina. (After 
Wiedersheim.) 
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are veiy similar to those of the stemiun to the shoulder-girdle ; it has, in fact, 
been proposed to call it a p^vi-sternum. 

The limbs of Urodela differ from the typical structure already described 
only in detail. There are usually four digits in the fore-limb and five in the 
hind-limb. In Anura the limbs are modified, by the fusion of the radius and 

ulna and of the tibia and fibula, and by the 
great elongation of the two proximal tarsals. 
A prehallux is frequently present. 

Museulature. In the ' lower ' Urodela the 
muscles of the trunk and tail occur in the 
form of typical myomeres like those of fishes' 
Again, a newt {Triturus) swims essentially by', 
the serial contraction of its myotomes, as 
do fishes. When it wriggles quickly on dry 
land it emplo}^ much the same swimming 
mechanism . When it moves quietly along it 
raises itself on its weak legs, which operate 
like those of Anura. In the ‘higher’ 
urodeles the myomeres become converted 
into longitudinal dorsal bands (the extensors 
of the back), paired ventral bands (the recti 
abdominis), and a double layer of oblique 
muscles, covering the flanks. 

Alimentary Canal and Associated Structures. A few Amphibia {Ceratophrys, 
possibly Amphigncdhodon) bite, but in most the Ueth are used to hold struggling 
prey before swallowing. The teeth are always small and ankylosed to the 
bones : they may be singly or doubly pointed. They occur most commonly 
onithe premaxillae, maxillae, and vomers, but may also be developed on the 
dentaries, palatines, and, in one instance, on the parasphenoid. In many 
Anura, such as the Common Toad, teeth are altogether at^nt. A deciduous 
foetal dentition occurs in ovoviviparous, but probably not in oviparous caecilians. 
Although the teeth are somewhat rasp-like, they are apparently without func- 
tion and are replaced by adult teeth at about the time of parturition (Parker). 
The tongue in many urodeles is fixed and immovable, like that of a fish. In 
most Anura it is free behind, as in the frog, but in Xenopus and Pipa it is 
absent. 

In some anurans the tongue is capable of swift and prolonged expansion for 
the capture of prey. Its adhesive power in many frogs and some urodeles is 
enhanced by secretions from lingual glands (in the tongue itself) and from the 
intermaxillary {internasal) gland l}dng between the premaxillae and the nasal 
^psule. This opens into the buccal cavity. The latter gland is less prominent 
in urodeles and is absent in caedlians. Anurans are additionally ecjtapped with 



Fig. 297. — Urodela: Pelvie girdle. 

Salamandra. a, b, processes of epi- 
pubis; Ep. epipubis; Fo. obturator 
foramen; G. acetabulum; U, ilium; 
Is. ischium; P. pubis; Sy, pubo- 
ischiatic symphysis; f* process of pubis 
present in some urodeles. (After 
Wiedersheim.) 
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a phafyn^cal gland that discharges into the internal nares. The buccal cavity 
and oesophagus of the Anura possess mucus-produdng goblet cells. The 
(jesophagus may be ciliated. Stomach-glands of anurans secrete both pepsin 
and hydrochloric acid. The stomach is enormously distensible, and together 
with the duodenum forms a U-shaped loop in which lies the pancreas. The 
small intestine is in all Amphibia a tube of almost uniform width. It is almost 
straight in Apoda, and is extremely long only in certain tadpoles (p, 420). A 
spiral valve does not occur: an increased absorption surface is obtained by 
great increase in length. Some tadpoles with a specialised protein diet lack 
the ‘ watch-spring ’ intestine of common herbivorous forms. There is some 



Fig. 298. — Annza: Vocal appaiatns. Left: Rana 
temporaria (Brown or ‘Common’ Frog) croaking with dis- 
tended internal vocal sacs. Right: Rana ridibunda (Marsh 
Frog) croaking with distended external sacs. (Redrawn 
after Malcolm Smith.) Inset: Buccal cavity of Scaphiopns 
showing entrance to left vocal sac (<?. v, s.). The entrance 
to the Eustachian tube is marked E. i. (After Noble.) 



evidence that the liver is of unusual importance in fat storage (in addition to 
the fat bodies). Certainly there is much evidence that amphibians can live 
for long periods without food. Axolotls, for example, have remained alive 
for 650 days under conditions of starvation, losing about 80 per cent, of the 
former body-weight. 

Respiratory Organs and Voice. — ^Those of amphibians were the first true 
voices evolved, for, unlike fishes, frogs possess a larynx and tracheae supported 
hy a cartilaginous skeleton. In frogs the Iar3mgeal chamber is divided into 
two parts by the vocal organs, which are lip-like continuations of the epithelium 
of the arytenoids. They call with the mouth closed. In many species air 
is forced from lungs across the larynx to inflate grotesquely the vocal sacs 
which, developed as buccal diverticifla, serve as resonators (Fig. 298). Among 
the most characteristic sounds of tropical continental rain-forests are the calls 
of tree-frogs — ^the d&ar, bell-like note of Hyla gratiosa (the ‘ Smith ’), adiidi 
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^ * like a blo« on an anvil, tl« binWilK wUstte <rf iST. and ft, 

S^lit atridniaiion of H./emorah'. thebe are only a few frag soon* fn,„, 


the hfew World alone. » •»» • j.t » « 

With very few exceptions Amphibia possess external g^s m the larval state. 

but of course such delicate structures are not retained in adults of species which 
spend much time on dry land. In ‘the perennibrandiiate Urodda external 
gill organs are retained throughout life. They are branched, are abundantly 
supplied with blood, and spring from the dorsal ends of the first three branchial 
arches. The epithelium covering them is ectodermal, so that they are 
cutaneous and not pharyngeal gills. Therefore they may be of a different 
nature from the so-called external gills of the embryos of Elasmobranchiii 
and Holocephali, which are the filaments of internal gills prolonged through 
the branchial apertures. 

Internal gills are developed only in the larvae of Anura. They appear as 
papillae on the outer borders of the branchial arches below the external gills. 
They closely resemble the internal gills of fishes and appear to be homologots 
with them, although it seems probable that their epithelium is ectodermal. 

In most adult Amphibia lungs are formed as outgrowths of the ventral wall 
of the pharynx. The right and left lungs conununicate with a common 
laryngo-tracheal chamber, supported by the cartilages of the larynx and opening 
into the mouth by a longitudinal slit, the glottis. In the more elongated forms, 
such as Siren, Amphiuma, and the Apoda, the laryngo-tracheal chamber is 
prolonged into a distinct trachea or wind-pipe, supported by cartilages. In the 
Apoda, a tracheal lung may occur as in. some snakes (p. 540) ; and the left lung 
is usually rudimentary. In some salamanders {e.g. all plethodontids) lungs 
are absent, and respiration is exclusively cutaneous and pharyngeal. 

The salamander lung, when present, acts also as a hydrostatic organ. 
Species living in well-serated mountain streams, where they must often lurk 
under rocks to avoid fast currents, have lui^s that are reduced by comparison 
with those of pond-dwelling forms. A copiparable reduction in the swim- 
Uadder (p. 339) is seen in mountain teieost fishes. 

The Amphibia display interesting supplementary adaptations to cutaneous 
respiration (p. 403). In Cryptobranchus there occur highly vascular folds in 
which capillaries penetrate almost to the epidermal surffice ; these ftdds are 
mobile in a maimer that suggests the gill motion of other uroddes (e.g. Necturus). 
The so-called African Hairy Frog, Astylostemus, has extenrive tracts of vascular 
papillae investing the flanks and hind legs of the male during the breeding 
season. These probably compensate for its reduced lungs and the greater 
need for oxygen during periods of reproduction. The ag ua H c Typkhnectes 
(Apoda) has a richly vascular skin throu gh which it respires. 

Bleod-vasenlar system. — ^The amphibian heart always oonsids of a sinus 
venosus, ri^t and left auricles, a single vratricle, and a conus arteriosos. The 
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' sinus venosus opens into the right auride. The pulmonary veins enter the 
left (p* 4®5)* the interauricular septum is complete in Sttlawundra 

it is perforated, and in some lungless uroddes it is fenestrated in a curious 
arrangement of muscular strands with interv ening spaces. 

The conus arteriosus of the anuran heart always possesses a well-devdoped 
longitudinal sfnrol valve, whidi incompletdy divides the conus into two 
passages. Otae of these leads to the carotid and systemic arches ; the other 
gives access to pulmo-cutaneous arches. In many urodeles the spiral valve is 
either greatly reduced or absent; as in Apoda. In all amphibians two sets of 
valves (which prevent back-flow of blood) are present. One such set is situated 



Fig. 299. — ^Uiodda: Cixealatkm and napintian. Salamandra. . 4 , larva; B, adult, a/.br. 
a. 1 — 4, afferent branchial arteries; b. ao, bulbus aortae; car. gl. carotid labyrinth; c. art. conus 
arteriosus; d. ao. dorsal aorta; d. hot. ductus Botalli; ex. hr. i — 3. external gills; ext. car. external 
carotid; int. car. internal carotid; /. au. left auricle; Ing. lung; pi. plexus, giving rise to carotid 
labyrinth; p%U. a. pulmonary artery; r. au. right auricle; v. ventricle. (Altered frdm Boas.) 

at the junction of the ventride and conus ; the other set lies between the conus 
arteriosus and the bidbits aorta. 

There is never any trace of an inter-ventricular partition such as has arisen 
in the Reptiha (p. 474). In the Dipnoi, too, we saw an almost completely 
divided ventride (p. 370). Although there can be no suggestion that the 
tctrapods descended from lung-fishes,' it is perhaps not impossible that the 
ventrides of ancestral tetrapods, too, were divided, and that there has been a 
secondary loss in the highly specialised, yet degenerate. Amphibia of to-day. 

In the perennifaranchiate Urodda, and in the larvse of air-breathii^' forms, 
the drculatkm is essentiaUy like that of a fidi. The bulbus aortse (Fig. 299, 
b. ao.), whidi represents an abbreviated ventral aorta, gives off four offermt 
branchial arteries {a/, hr. a. 1-4), three to the external gills, and a fourth 
which curves round the gullet aikt jdns the dorsal aorta directly. From 
®^h gill an effemtt hfancMei artery brings back the os^genated Idood, and the 
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efferent arteries unite, in a somewhat irregular way. to form the dorsal aorta 
{d. ao.). Each afferent with the corresponding efferent artery constitutes an 
aortic arch. Short connecting branches unite the afferent and efferent arteries 



Fig. 3oo.—Urodda: Vtnom 
MyatWL Salatnandra (from ven- 
tral aspect). Abd, V , dibdomm^X 
vein; Card, post, (Az,), azygos 
vein; Caud, F. caudal vein ; Cut. 
m, left musculo-cutaneous vein; 
Cut, m^, the same on the right 
side (partly removed); D, in- 
testine; Duct, Cuv, precaval 
vein; H, heart; Jug, ext, exter- 
nal jugular; Jug. int, internal 
jugular; JLg. F. mesenteric vein; 
L, Pf, hepatic portal system; 
L. V. hepatic vein; N, kidney; 
Nier, Pft, Kr, renal portal 
system; 5tn. ven, sinus venosus; 
Suhcl, subclavian vein; V, adv. 
branches of renal portal vein; 
V, Cava inf. postcaval ; V. iliaca, 
iliac vein ; V. port, hepatic portal 
vein; V, rev. tbnal veins ; • , cloacal 
veins; f* branch of iliac to renal 
portal vein; tt» lateral vein. 
(After Wiedersheim.) 


of each gill. Carotids (ext. car., irU. car.) arise frc«n the first efferent art«y, 
and, when the lungs appear, a pulmonary artery (pul. a.) is given off from the 
dorsal portion of the fourth aortic arch of each side. When the giUs atrophy 
(B) (in those Urodela which lack’ gills in the adult), the first aortic arch loses 
its connection with the dorsal aorta and becomes t he carotid trank. Th* 
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second increases in size, forming the main factor of the dorsal aorta, and 
becomes the systemic trunk. The third undergoes varied reduction, and the 
fourth becomes the pulmonary artery, its dorsal portion retaining its connec- 
tion with the s)^temic trunk in the form of a small connecting branch, the 
ductus Botulli {d. hot.). In the Anura, as we have seen, the third arch vanishes 
completely, and there is no ductus Botalli. 

In the venous system, the Urodela exhibit very clearly the transition from 
the fish-t5rpe to the condition described in the frog (p. 272). The blood from 
the tail is returned by a caudal van (Fig. 300, Caud. V.), which, on reaching the 
coelom, divides into two renal portal veins, one going to each kidney. From the 
kidney the blood is taken, in the larva, into paired cardinal veins, each of 
which joins with the corresponding jugular to form a ductus Cuvieri. In the 
adult the anterior portions of the cardinals undergo partial atrophy, becoming 
reduced to two small azygos veins {Card, post.) which receive the blood frolh 
the region of the back. Their posterior portions unite and are continued 
forwards by a new unpaired vein, the postcaval {V. Cava. inf.). This, joined 
by the hepatic veins, pours its blood into the sinus venosus. The iliac vein 
from the hind-leg divides into two branches. One joins the renal portal. 
The other, representing the lateral vein of elasmobranchs, unites with its fellow 
in the middle ventral line to form the anterior abdominal vein {Ahd. F.) and 
joins the hepatic portal (F. port.). Its blood, after traversing the capillaries 
of the liver, is returned by the hepatic vein into the postcaval. 

The erythroc5rtes are oval and nucleated, and some are remarkable for 
their unusually large size. Those of the urodele Amphiuma are the largest 
erythrocytes known, being almost So/*, in diameter. Hyla arborea has 700,000 
red cells per cubic millimetre, whilst aquatic urodeles have a relatively low count 
(e.g. 36,000 in Proteus). Red cells seem to arise from a cell indistinguishable 
from lymphocytes in the kidney of some tadpoles and in the spleen of the 
adults of certain frogs. In other species they arise in the bone-marrow, as in 
the Mammalia. Thrombocytes of blood-clotting function occur. 

Nervous System and Organs of Special Sense. — ^The brain of Urodela differs 
from that of the frog in its more elongated and slender form, in the com- 
paratively small size of the optic lobes, and in the non-union of the olfactory 
bulbs. The organ of Jacobson is present except in Proteus and Necturus. 
The olfactory sacs alwa5rs open into the mouth by posterior nares situated 
behind of external to the vomers. Apart from its importance in food gather- 
ing, the olfactory sense is probably vital in reproduction and other behaviour. 
Many frogs, as everybody knows, have a characteristic odour. Some {e.g. the 
Mink Frog, Rana septentrionalis) are said to smell like mink, others (e.g. 
^elodytes) rather like onions and others (e.g.' Bufo vulgaris) like vanilla. These 
®^ours, and those of certain salamanders (e.g. Hydromantes) come from granular 
or mucous glands on the skin. 
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The eye, consequent upon its emergence from the water and the necessity 
for a longer-sighted vision, exhibits important modifications (p. 413), and in 
the Urodela, which have retreated to the water, the lachiynud (tear) ducts 
are generally still retained. In at least some Apoda a single hypertrophied 
lachrymal gland has migrated and is found lodged in the sightless eye-socket ; 
its tears probably lubricate the adjacent sensory tentacle (p. 434). The eye- 
lids (including the nictitating membrane) were another response to the pro- 
tection needed in terrestrial animals. In certain anuran tree-frogs the lids 
are transparent. In a few primitive forms lids are absent. 

Urodeles. Apoda, and some Anura have no t3mipanic cavity or membrane, 
and no extra-columella. Occasionally (e.g. Ascaphus) even the ‘stapes’ (see 
p. 144) may be lost. In some genera one end of the 'stapes' (f^tplate 



Fig. 301. — Vradals: Elteraoaptioil. Ground vibrations are transmitted via forelimbk and 
opercular muscles to the perilymph in the adult terrestrial salamander (right). This channel ol 
communication remains incomplete in aquatic larval salamanders (left). Col. columella; F. V. 
fenestra vestibuli; ff. yf. hyoid arch; L. 5-C. ligamentum squamoso-coiumellare; . L. ^eleton 
of the lower jaw; ilf. Op. musculus opercularis; Op. operculum; Ff. palatoquadratum; Sg. os 
squamosum; 5. 5. supraacapula; St. C. stilus columelbe. (From Noble, after Kingsbury and 
Reed.) 

of columella) abuts on to the squamosal, from which it probably transmits 
vibrations to the jaw region. In some urodeles and anurans the stapes is 
greatly reduced and is associated with a nodule of cartilage inserted in the 
fenrestra ovalis. It is probable that this structure, the operculum, occurs only 
in amphibians and has no homologue in other vertebrates. Amphibia which 
have dispensed with a t3mipanic membrane have the operculum connected 
to the scapula by a minute opercular muscle. It is probable that vibrations 
from the forelimbs are conveyed on the tensed opercular musde to the oper- 
culum and finally to the inner ear (Fig. 301). 

In the perennibranchiate urodeles and in the larva: of air-breathing forms 
lateral lirte organs occur. Among Anura these organs are generally lost during 
metamorphosis, but in a few strongly aquatic species they are found in the 
adults. Those of Xenopws, for example (Fig. 302), are superficial, being 
restricted to the epidermis. Groups of neuromast organs are arranged in 
srriall ridges or piaques distributed in rows that probably cmrespond with 
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those of fishes (pp. 136, 137). Innervation is by two sets of cranial nerves. Of 
these, the anterior lateralis originates in a nucleus in the fourth ventrkde. Its 
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Fig. 302.— JlTenopMs.* Lstsial lino and tadils oegsas. An elaborate system of organs occurs 
on the head, back, sides, throat, chest, and belly. A bove: A lateralis plaque, showing aurrangement 
of lateralis aad tactile organs and their nerve-supply. Below: a single lateralis organ, lowing its 
situation in the epidermis and the relationships of the sensory and supporting cells. (After 
Murray.) 


gangUcm fuses with that of the Vth and Vllth nerves, but most of its fibres 
separate to continue as the tractus supraorbitalis to the organs in head and 
snout. The mixed ramus of the Vllth nerve carries some fibres ventrally. 
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The posterior laterdis originates in a nucleus situated immediately behmd that 
of the anterior lateralis and forms a mixed ganglion with the Xth, later again 
to become distinct and to run superficially to branch and supply the more 

posterior rows of neuromast organs. Each 
'■■'V group of such organs is iimervated by two big 

/ H A and one or two smaller fibres. The larger fibres 

/ ^ I branch extensively at the base of each in- 

l* %\ 7 dividual organ, the smaller ones less so. The 

\ ^ / \ / nerve-endings lie be- 

^ low or between the 

FiG7"303.-Xenopi«.' tWonr- sensory cells which ^ 

change. L^//: Meianophores in terminate in hair- i 

wholly contracted condition, making V—mmOi) 

for pallor. Right: Opposite con- like processes that “ ^ 

siome.) are in contact with 

the surrounding 
water. The lateralis organs are probably sufficiently 
sensitive to detect disturbances made by minute 
aquatic organisms. 

Endocrine System. — ^The general tetrapod pattern 
is fully established. 

The relative non-specificity of hormones has led to 
the clinical use of Xenopus as a pregnancy indicator: 
its ovary responds rapidly to chorionic gonadotrophin 


(p. 905). Its utility in the laboratory is enhanced 
by the absence of any terrestrial phase in its life- 
cycle. 

Colour change in anurans appears to be almost 
wholly under pituitary control and not directly in- 
fluenced by the nervous system (cf. some fishes, 
reptiles) . A posterior pituitary hormone [intermedin 
or * B-substance ’) causes the expansion of contracted 
melanophores (Fig. 303) and a general darkening 
of the integument. Pituitary extracts from other 
tetrapods produce a similar effect. Total hypo- 
physectomy causes partial contraction and relative 
pallor. If the posterior lobe is ablated and the 



Fig. 30.4.— Urodtia: Urino- 
genital system in female. 

{Ur,) Wolftian duct (and col- 
lecting tubules) ; mg. (Od.) ovi- 


anterior part left intact, full contraction and paling ^ T/! 

result. Thus it has been suggested that a special ©viducai funnel; Cht. ovary: 
W-substance, causing pallor, is elaborated by the Wi^e^riXaft^peng^)”* 
adenohypophysis {see Hogben, Waring). 

Urhiogenital System and Osmoregulation. — Notwiths tandin g the many 
changes that accompanied the colonisation of land, the internal apparatus of 
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the kidneys of extant amphibians retains a t}^ical piscine appearance. Water 
loss ashore, however, is retarded by the reduction of glomerular filtration by 
means of a hormone from the. pats neuralis (Fig. g6, p. 150) which constricts 
glomerular arterioles (cf. inammals, p. 889). 

A second means of water conservation involves the changes in the permea- 
bility of the skin. Water, when available, seems to be passively absorbed 
through the skin of most Anura, but there is evidence 
that permeability, and therefore the absorption | 

rate, is increased by a second pituitary principle. ..mt 

Sodium chloride, too, enters through the in- 
tegument. During periodic moults the intake of 
both water and salts are considerably increased. It 
is not yet known whether a means of reducing skin 
permeability exists. Certain desert-dwelling frogs, 
which survive droughts by aestivating in dry sub- 
surface mud, can absorb water with startling 
rapidity (p. 385). The kidneys of such frogs 
{Cyclorana, Notaden, and HeUioporus) possess venous 
sinuses into which drain peritoneal funnels. During 
aestivation, water stored in the peritoneal cavity is 
drawn through these channels into the general cir- 
culation. No amphibian, as far as is known, is 
aglomerular (cf. fishes, p. 347), but in Cyclorana the 
glomeruli are reduced in size and vascularity. 

In the Urodela the kidneys (Figs. 304, 305) are 
much elongated and are clearly divided into two 
portions: a broad posterior part, the functional 



kidney (iV), and a narrow anterior sexual part (GN.) 
connected in the male with the efferent ducts of the 
testis. Numerous ducts leave the kidney and open 
into the Wolffian (mesonephric) duct {Ig. {Ur.)), 
which thus acts as a ' ureter ’ in the female, and as 
a urinogenital duct in the male. The oviduct {mg. 
{Od.)) is developed from the Mullerian duct, a rudi- 


Fig. 305.— Vrodala: Viino- 
genitalayitemiaxiiale. a.col- 
lecting tubules (see also Fig. 
304) ; G. N, non-renal part of 
kidney; //o. testis; /^.Wolffian 
duct; mg. vestigial (in male) 
Mullerian duct; N. kidney; 
Ve. vasa efferentia; f. longi- 
tudinal canal . (From Wieder- 
sheim, after Spengel.) 


ment of which {mg., mg\) occurs in the male. In the Apoda the kidneys extend 
the whole Imigth of the coelom, and in the yoimg condition are formed of 
segmentally arranged portions, each with a nephrostome and a glomerulus, as in 
myxinoids (p. 197). A pronephros is present in the larva, but disappears in 
the adult. A urinary bladder is almost always present, opening into the cloaca 
wid having no connection with the mesonephric ducts. In some Apoda the 
cloaca can be protruded and acts as an intromittent o^an. 

The testes of Amphib ia show a great deal of variation. In the elongated 
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Apoda they are long bodies whidi look not unlike a string of beads. 
The expansions contain numerous seminif^ous tubules. These '^discharge 
through paired ducts. Csecilians with shorter bodies possess less diffuse organs. 
In Taricha — Triturus Leydig cells are lacking. ' These animals depart from 
the t}rpical vertebrate interstitial pattern in that connective tissue cells of the 
tubule walls are seasonally converted to an endocrine function as in certain 
fishes (Fig. 97, p. 152). 

The Bufonidae and Atelopondinse are perhaps unique in the possession of 
Bidder’s organ. This structure occurs in males of all such species, and addition- 
ally in the females of some at the anterior end of tl^e gonads. It is better 
developed in the male, but it is not always well defined even in adults .(e.g. 
Bufo carens). In the females of some spedes it disappears with maturity. 
It would appear that Bidder’s organ is a mesogonadic derivative which in 
certain circumstances (and after castration) can develop in either sex into a 
functional ovary. Broods of motherless toads have been raised from feijainised 
males. It has been suggested, but not yet proved, that Bidder’s orgedii is an 
endocrine gland. 

Reproduction and Development. — External fertilisation takes place in 
most Amphibia. Nectophjfrnoides (p. 386) produces well-yolked eggs, but the 
larvae are retained in the oviduct until the completion of metamorphosis. 
Each surviving group contains such ovoviviparous individuals, those in 
which eggs are retained Md development proceeds to son^e degree in the 
oviduct. The larvae of at least one such ovoviviparous urodele, Salamandra 
atra, remain in the pauent tract after the exhaustion of the egg-yolk. Only 
a few larvae survive the ensuing competitive, intra-uterine cannibalism ; these 
also ingest non-viable eggs, as well ais red cells extruded by the haemorrhaging 
oviducal wall. The larvae of this urodele possess long, plmne-like external 
gills during its oviducal existence ; these are shed before birth. If, however, 
the unborn young are removed from the oviduct amd placed in water, they 
swim about like ordinary aquatic larvae until they lose the long gills and 
develop a shorter set. 

In mamy Urodela the spermatozoa aire aggregated into spermatophores by 
glands in the wall of the cloaca. These are deposited on the body of the femadc. 
They are then tadcen into her cloaica amd so intemad fertilisation occurs. Newts 
of the genus Triturus undergo elaborate courtship displays. A naale follows a 
chosen female, stim\ilating her mouth-parts, flanks, and cloaua with pressure 
from his muzzle. He will impede her pro§^%ss, and display with tremulously 
vibrating tail, and by other means. Finally he deposits one or more spermato- 
phores, each containii^ hundreds of spermatozoa. The latter stn^lgle vio- 
lently, their heads projecting from the gelatinous secretion (fmn the male 
cloacal glands) that endoses them. If the female has been suf&ci^tiy stimul- 
ated she will press her doaca over a spermatophore and eiidoee it. Once in the 
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female tract, the sperms break free, and ascend to the receptacuhm semims or 
spematheca, where they remain until the ^gs are ready to 1 m fertilised Mean* 
while, the gelatinous discarded spermatophore sheath is shed and the female wiU 
pick up no further spermatophores until the current batch of eggs axe shed 
The eggs, which in some species are believed to be fertilised in the cloaca, 
are laid singly. They, too, are enclosed in a gelatinous material (secreted by 



Fig. 306. — kaxm: Amplems And pamtAl em. Marsupial Frog {Gastrotheca marsttpiaia) 
(X3). As the eggs (not shown in siui) are extruded from the female cloaca they are fertilised 
and swiftly thrust by the male's hind-legs into the damp environment of the incubation pouch on 
her dorsal surface. The period of development is from 2^ (summer) to 3I months. The nght top 
inset shows relative egg-size. (From photographs by Alan Gofifin.) 


oviducal glands), which enables them to be attached to leaves (often wrapped 
up by the female), floating community of alga, or, where aquatic v^etation 
is lacking, to rotting leaves and other objects. It will be seen, therefore, that 
some amphibians (as with many bony fishes, pp. 297, 350) exhibit reflex 
behaviour patterns as comjfiex and intriguing as those of the birds, excepting 
IMrhaps only the PtilmuMfiyndiida (p. 562). 

Several remarkable instances of parental care are known among the 
Amphibia, A number of different species of frogs and toads (instruct nests 
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or shelters of leaves or other materials in which the eggs are deposited and 
the young are developed. PhyUomedusa, a South American tree-frog, glues its 
eggs to foliage hanging over water, and, after hatching, the tadpoles drop 
straight into the appropriate environment. In the Obstetric Toad {Alytes 
obstetricans) of Europe, the male winds the strings of eggs — formed by adhesion 
of their gelatinous investment — around his body and hind-legs.^ Here they are 
retained until the tadpoles are ready to be hatched. In Rhinoderma darwini, 
a small South American frog, the eggs are transferred by the male to the 
relatively immense vocal sacs that extend over its ventral surface: there they 
develop. The eggs of this species are much fewer and larger than in others. 

Another anuran, Pseudis para- 
doxa, is remarkable ini that the 
tadpole is many tim^ larger 
than the adult. Stin other 
fascinating larval — ^and\ paren- 
— adaptations occur \in the 
Anura. In Gastrotheca there 
occurs a special dorsal pouch in 
female integument. This 
pouch, in which are carried 
fertilised eggs, opens a little 
(Fig. 305). In G. marsupiata 
anterior to the cloacal aperture 
the young are hatched as tad- 

Fig. 307.— Anon: Ovovivwsiity. In the Surinam poles, but in G. omferwm emerg- 
Toad (P{/>a the eggs are lodged in lidded pits • j 1 jx 4.*i 4. 

in the dorsal surface of the female. (After Mivart.) ence IS ueiayea until meta- 

morphosis is complete. 

In the Surinam Toad {Pipa atnericana) an even more astonishing arrange- 
ment is found (Figs. 307, 308). The dorsal skin of the female becomes soft and 
gelatinous, and here the male places and spaces the eggs. Each sinks into a 
small pouch, over which develops an operculum, which, it has been suggested, 
comes from a remnant of the egg envelope, reinforced by integumental secre- 
tions. Thus, the young develop moist and safe in maternal tissue. Between 
the invaginated pits arises a rich vascularisation. In each larva there develops 


The ' midwife T(^ ’ figured in one of the most unhappy frauds in scientific history. Kam- 
merer showed that this animal, which normally mates ashore (and which docs not possess horny, 
ggmented nuptial pads, p. 390), can be induced experimentally to mate in relatively warm water. 
He a^rt^, with apparent sincmty, that his aquatic-mating males developed nuptial pads, and 
luraer, that sut^quent generations of laboratory-bred toads inherited such acquired, pigmented 
* 1 . progrwsive degree. These conclusions were accepted by some, but disputed by Bateson 
S* . Kammerer's results could not be duplicated in repeat experiments. In 1926, when 

NoDle examined histologically a museum specimen that had been previously exhibited by Kam- 
merw, no nuptial pads were found, but, instead, a subcutaneous substance possessing properties 
Mi^npishable from t^ of Indian ink. A few weeks later Kammcrer shot himself on the 
Hixhscnneeberg. He left a letter admitting fraud but, it should be added, no confession of its 
putnorship. He was aged 46. 
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a curiously broad and vascular tail : it is suspected that metabolic exchanges 
take place between maternal and embryonic tissues in the manner of a primitive 
placenta. The larva does not develop gills, and has been reported to be bom 
as a tadpole about eighty dsiys after egg^deposition. 

Caecilians are either oviparous and lay in burrows (e.g. Ickthyophis (Fig. 309), 
Hypogeophis) or ovoviparous (e.g. Typhlonectes, Geotrypetes, Schistomeiopufn, 
Chthonerpeton, Gymnopis). In Geotry petes, the large (about 4 mm.), yolky 
eggs migrate to the posterior end of the oviducts where they rest one closely 
behind another. When the yolk has almost gone, and the plumose external 



Fig. 3o8.~Aniini: Pseado-l^towitatioii. Gaseous exchanges occur between the mate^ 
tissues and the expanded, leaf-like tail of the pouch larva of Pipa dorstgera (Fig. 307). (Alter 
Amoroso.) 


gills are disappearing, the embryos (now about 25 mm. long) hatch and are 
next spaced throughout the length of the oviducts where they develop until 
they are about 75 mm. in leng^ly^^ Nutrition is now carried out by the oral 
absorption of uterine ‘ mUk ’ (see ^ p. 278). Both oviducal wall and foetal 
epithelium are highly vascular, no Jjoubt allowing gaseous excha^es. The 
neonatus appears to slough its comeal layer and to develop a relatively tough 
stratum comeum better adapted for its subsequent burrowing mode of e^tenw. 
In some species the larvae for a time lead an aquatic life. During this period 
they possess, like tadpoles, a tail with a tail-fin which is later absorbed. The 
larvae of most Apoda have long extenral gills (Fig. 309). 

Salamanders show many fascinating examples of phyaological adaptation. 
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including psedc^enesis (p. 2). Most of them undergo complete metamorphosis. 
Some come ashore as adults to live in damp situations, returning to water 
periodically to breed. Others retain gills as well as lungs, and remain petma- 
nently in the water {e.g. the Northern American Nedwrm, 'Mud-puppy' or 
'Water-dog'). Others have lost their lungs altogether. Such creaturm have 
lost one of the principal attributes that made the initial amphibian raieigence 
possible and have returned to a life very roughly approximating that of their 
early ancestors. A classical case of psedogenesis is furnished by the remarkable 
Mexican Axolotl, which frequently breeds in the gilled or larval state. The 
experimental administration of thyroxin (p. 151), especially when the animal 



Fig. 309. — ^Apods: Beprodnotiaii and devalopniant. lehthyophis gluiinosa (I). ( x i), a nearly 
ripe embryo, with gills, tail-fin, and still with a considerable amount of yolk; 2, female guarding 
her eggs, coiled up in a hole underground ; 3. a bunch of newly. laid eggs; 4, a single egg, enlarged, 
schematised to show the twisted albuminous strings or chalazae within the outer membrane, 
which surrounds the white of the egg. (After P. and F. Sarasin.) 


Tiger Salamander {AnMystoma tigrtnum) of North America. Metamorphosis 
can be induced also by reducing the water level in which the axolotl lives and 
thus making gill respiration difficult, whilst at the same time facilitating 
pulmonary respiration. This was how metamorphosis in the animal was first 
discovered. It is to the branchiate stage that the name Axolotl properly 
applies. 

The Alpine Newt {Triturus alpestris) is of especial interest in that in the 
French and Italian lowlands complete metamorpho^ occurs, whereas in the 
colder Lombardy lakes there has evolved a race that is often neotenous. 
Among the perennially larval forms no known experimental manipulation will 
induce metamorphosis. 

SegmetUation of the egg in the Anura and Urodda is always complete, but 
unequal. In Pipa and Alytes there is a large quantity of food-ydk, and the 
developing embryo lies on the surface of a large ycdk-sac. In tihe ^)oda the 
qggs are of large size, and segmentation is partial. 'The formati<m at segments 
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at the pole of the opposite that at which the formation of the embryo begins 
takes place only at the stage of gastrulation. The embryo is coiled ov^ the 
surface of the yolk, as in teleosts (p. 293). 

CLASS RBPnUA 
DITRODUCnON 

It is difficult satisfactorily to define the Reptilia. They form a hetero- 
geneous group and can be loosely described as amniotes which lack the diag- 
nostic characters of birds or manunals. They (and consequently and ulti- 
mately birds and mammals) arose from a Carboniferous (p. 3) amphibian 
stock which had probably developed the shelled amniote egg. By virtue of its 
complicated membrane structures, such an internally fertilised egg enabled 
the complete escape from the water that was impossible in allied amphibian 
groups. Within the protective, yet permeable, homy or occasionally cal- 
careous egg-shell was developed the fluid-containing amnion which provided 
an aquatic environment for the developing land animal. Respiration was 
carried out by means of the richly vascular allantois ; and metabolites were 
excreted into, and stored in, the allantoic cavity. The proteinous and other 
contents of the yolk sac allowed nourishment for the developing embryo 
during a prolonged embryonic life. In some reptiles at least the albuminous 
‘ egg-white ’, accumulated during the journey down the oviduct, protected the 
yolk and other contents, while its watery nature allowed the dilution of yolk 
that would be used to feed the developing embryo. (Possibly it provides vital 
mineral salts as welL) Reptiles needed none of the bizarre reproductive 
devices evolved by the Anura (pp. 386, 452) in their attempts to colonise dry 
land. 

In addition to the amnion and allantois, to be described presently (p. 649), 
reptiles have gastrocentrous vertebrae (p. 463) and a metanephric kidney (p. 
153). Although keratinous, homy scales are said to be absent in some reptiles, 
their occurrence as a complete covering of ectodermal origin is a character- 
istic of the group and almost peculiar to it. In the Mesozoic these scales were 
often modified to form spectacular means of protection and adornment in the 
form of enormous horns (Fig. 342). Although rarely petrified in themselves, 
they often left unmistakable impressions in the matrix, and so their form and 
extent can be determined. 

The reptilian epidermis is always hardened and comified, and sometimes 
forms substantial plates of homy material such as the scutes of 'tortoise-shell’ 
in turtles \diich protect the soft parts from injury and deaccation. Underlying 
bony plates — osteoderms — ^frequently reinforce Hie exoskeleton, sometimes 
fused with the endodceleton. As the outer layer of scales and claws wear 
away, the homy tissue is rq[>laced by prolif erati<»s from the q;>idermis below, 
voi, n. F® 
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The tenn Amniota is used for the group formed by reptfles, birds, and 
t patiimaic the three ‘highest’ classes of vertebrates. Fishes and amjdubians 
are referred to as the Anamniota. The division of the Amniota into the three 
/<iaggpg mentioned above is kept because it is convenient. 

Some of the earliest known reptiles, embedded in late Carboniferous deposits 
about 250 million years old, can be separated only with difficulty from the 
Amphibia on the examination of surviving parts. Permian representatives, 
however, were numerous, and admit of no such uncertainty. By the late 
Palaeozoic (p. 3) the first great reptilian radiation wa« well under way with 
distinctive anapsid and synapsid forms predominating. These eatfly reptiles 



Fio. 310.— Sub.clasi Aaapsida, Order Ootflonuitia, Sub-order OtptoAlaomaii^, Family 
OaptorliinidflB. Mjnhi^oBaurun* This lower Permian American * stem reptile ' was a little over 2 feet 
long. The contemporary Limnoscelis (p. 406) was about 5 feet long, but most coltylosaurs were 
smaller. (From Romer, after Williston.) 


The cotylosaurs ('stem reptiles’) had disappeaued by the late Triassic, but 
from them had arisen the material for a further reptilian radiation which 
produced, in the Mesozoic, one of the most spectaculu and fascinating faimal 
groups that ever lived. By mid-Mesozoic, ancestors of each of to-day’s reptilian 
orders had appeared, together with the forerunners of the birds (p. 507) and 
mammals (p. 513). More than fifteen orders, and dozens of families, arose. 
The individual animals ranged in size ftom swift, lizard-like creatures a few 
inches long up to lumbering semi-aquatic swamp-dwellers weighing more 
than $0 tons. The sea was likewise a centre of reptilian diversification ; and 
a few forms began to volplane through the air. It is as true as it is trite to 
say that the Mesozoic was the ‘age of reptiles’ and that thor they 'dominated 
the earth’. 

Most of these animals do not seem to have survived the Cretaceous or, at 
the latest, the early Caenozoic. It is not known what caused their disappear- 
ance. Certainly there is believed to have been a widespread elevation of the 
earth’s surface together with changes in tmnperature and vegetation. This 
would, no doubt, affect a poikilothmmous population. But most of the 
marine reptiles vanished as well. There is evidence of an increased arkiity, 
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which would certainly raibairass the gigantic swamp-dwellkig dinosaurs. 
Doubtless dimatic chsuiges affected many successful reptiles by extingidshing 
the food upon which they were irrevocably adapted to feed. It has be«i sug- 
gested, too, that many of the small-brained {e.g. Fig. 3^^, p. 51X) 
reptiles perhaps disappeared because they evolved no means of defending their 
eggs from predaceous ancestral mammals. This may have been a factor. Vague 
(in the current state of knowledge) notions concerning genetic instability leading 
to over-spe c i a l i sation and phylogenetic senescence have also been put forward. 

The smaller, swifter, more adaptable, warm-blooded ancestral mammals 
arose about the beginning of the Jurassic or even earlier and the marsupials 
and the eutherians became clearly diversified in the Cretaceous (p. 3). The 
best that can be said at present is that a combination of climatic and other 
factors, possibly including competition by the arising Mammalia, and perhaps 
by the birds as well, now caused the relatively sudden extinction of numerous 
hitherto highly successful tj^pes. 

Excluding birds and mammals, the only animals of reptilian stock that have 
survived in considerable numbers ire lizards and snakes. Lizards (Lacertilia) 
arose in the Triassic and have been common ever since. Snakes (Ophidia = 
Serpentes), the most recent reptilian development, arose from lizard (possibly 
related to the Platynota, p. 497) at some time in the Mesozoic, but did not 
become abundant until the Eocene. The more typical serpents did not appear 
in numbers until the Oligocene. Venomous snakes first appeared in well- 
established families as recently as the Miocene. 

Of the multitude of reptiles that dominated the earth during the Mesozoic 
(p. 3), representatives of only four widely divergent orders are alive to-day. 
These are : 

1. Lizards and snakes (Order Squamata), an example of which, the lizard 
Lacerta, will be dealt with in detail (p. 462). 

2. The lizard-like Tuatara (Sphenodon = Hatteria) ^ of New Zealand 
(Order Rhynchocephalia), 

3. Turtles and tortoises (Order Chelonia). 

4. Crocodiles, gharials, alligators, and caimans (Order Crocodilia). 

^ There exists considerable confusion concerning the correct generic name of the Tuatara. 
In 1831, J. £. Gray described the skull of what he thought to be a new species of lizard. He 
conferred the name Sphanodon in allusion to its wedge-shaped teeth. Eleven years later he 
described the external appearance of an apparently new reptile in a collection from New Zealand 
and. not realising that it was, in fact. Sphmnodon, called it Hedteria punctata, pia^g it in the 
agamid group of lizards. Quoting from the notes which accompanied the collection, he added 
that ' tlie natives called it ** Tuatara " '. lattle further attention was paid to the creature until 
in 1867 Albert Gunther at the British Museum carefully studied the anatomy of several specimens 
and concluded that it was not a lizard at all. He referred it to a new order, the Rhynchocephalia 
Cbeakheads*), which, it is now known, go back at least to early Mesozoic times. Animals 
almost identical with the Tuatara were in existence by the Jurassic (p. 3). 

Strictly speaking, the Tuatara should be called neither Sphenodon nor HaUeria, but. in fact. 
^phienadon. An api^ication to the International Commission on Zoological Nomendature has 
recently boon made to validate the emendation to Sphenodon from Sphanodon and in anticipa- 
tion of its success ihe mate familiar spelling will be used hereafter in this vohiine. 
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Despite the retention of many primitive characteristics, and the drastic 
reduction in reptilian numbers and species after the Mesozoic, many families 
remain successful. The Squamata are particularly diversified and numerous. 
Modem lizards number nearly 3.000 species (of some twenty families), many of 
which are common. There are more than 2,500 species of snakes distributed 
among twelve families. The Tuatara (Sphenodon), on the other hand, is the 
sole living representative of an order of lepidosaurian reptiles (p. 495) that was 
widespread during the Mesozoic. It still survives on small islands off the coasts 
of islands (New Zealand), and probably only because its habitat was not 
colonised by terrestrial mammals, including Man, until relatively recently. 
The turtles and tortoises — slow, heavily-armoured, primitive creatures — still 
number more than 200 species. Many forms, even the largest, remain plentiful 
in places where they kre not too constantly molested by Man. The Ctocodilia, 
another ancient and once widespread group, now contains fewer than twenty- 
five species. Many of these remain common where their numbers! are not 
reduced by skin-hunters but very large examples are now extremely Wre in 
most parts of the world. 

Excluding only the circumpolar regions, land reptiles are spread all over 
the globe. A few lizards extend southwards into the tip of South America 
and one lizard (Lacerta vivipara), and one snake {Vipera berm), cross the limit 
of the Arctic Circle. The exclusion of reptiles from very cold regions is conse- 
quent on their failure to become homoiothermous, i.e. to regulate and retain 
heat generated by muscular activity. The poikilothermy (p. 386) of reptiles 
probably caused them to disappear, for example, from what later became the 
British Isles, during the glacial epochs. Ireland failed to get any snakes back 
(as distinct from the lizard, L. vivipara) because it was separated from the 
European Continent before Scotland and England, good St. Pktiick notwith- 
standing. Many of the smaller reptiles inhabiting temperate coimtries hiber- 
nate during the winter. It is a sad and historical fact that the famous tortoise 
{Testudo grceca) belonging to successive bishops of Peterborough, and reputedly 
220 years old (rud an historical fact, see also p. 489), died when left exposed in 
winter after being dug up by a gardener for ' a trifling wager ’ in the i8th century. 

Yet reptiles flotuish exceedingly in many temperate countries. Thus, the 
mildly poisonous Common Adder or Viper {ViperaJ)erus) is probably as com- 
mon on the Kintyre Peninsula of Scotland as is any single species of snake in 
tropical Africa or New Guinea. Although Reptilia are in general unquestion- 
ably more successful in hot countries, thdr inability to regulate their tempera- 
ture causes some of them (e.g. Lacerta vivipara) to die if experimentally exposed 
to prolonged summer sunshine, even in northern latitudes. Many, desert 
reptiles lie in the shade of rocks, or in borrows, to escape the heat during the 
hottest time of day, and by constantly changing their position in relation to 
sources of external heat manage to keep their body temperature fairly stable. 
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It vdll have become obvious that Lacerta, the example chosen; is only 
btoadly typical of the class as a whole of which an abbreviated, and provisional, 
classification is as follows : 


CLASS RBPTILIA 

Sub-elass Anapsida 
Order Cotylosauria 

Suborders Captorhlnomorpha (Upper Carboniferous-Permian) 
Diadeetomorpha (Permian-Upper Triassic) 

Order Chelonia (Testudlnata) (Middle Permian-Recent) 

Sub-orders Eunotosaurla (Permian) 

Amphlehelydia (Upper Triassic-Lower Cretaceous) 
Pleurodlra (Upper Cretaceous-Recent) 

Cryptodira (Upper Jurassic-Recent) 

Sub-elass lehthyopterj^ia 

Orders Mesosauria (Lower Permian) 

lehthyosaurla (Middle Ttiassic-Upper Cretaceous) 
Sub-elass Synaptosauria 
Orders Protorosauria (Permian-Triassic) 

Sauropterygla 

Sub-orders Nothosauria (Triassic) 

Plesiosaurla (Triassic-Cretaceous) 

Plaeodontta (Triassic) 

Sub-elass Lepidosaurla 
Order Eosuehia 

Sub-orders Youi^Inlformes (Upper Permian-Lower Triassic) 
Chorlstodera (Upper Cretaceous-Eocene) 
Aerosaurla (Upper Jurassic) 

Orders Rhynehoeephalla (Lower Triassic-Recent) 

SquMnata 

Sub-orders Laeortilla (Saurla) (Triassic-Recent) 

(Serpentes) (Lower Cretaceous-Recent) 

Sub-class Arehosauria 
Order Theeodontia 

Sub-orders Pieudosuehia (Triassic) 

Phytosauria (Triassic) 

(Mter Oroeednia (Lorieata) 

Snb-ordws Protosuehla (Upper Triassic-Jurassic) 
Sebeeosufdila (Cretaceous-Eocene) 

Mesosv^ila (Jurassic-Eocene) 

EusttcMa (Cretaceous-Recent) 
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Sulhorders 


PterodMtyloidea (Upper Jurassic-Upper Cretaceous) 


^Sub^^Theropoda (Middle Triasdc-Upper Cretaceous) 
SsuropodA (Lower Jurassic— Upper Cretaceous) 


Order Omfthlseliia 

Sub-orders Omithopoda (Upper Jurassic-Upper Cretaceous) 
Stegosaurla (Lower Jurassic-Lower Cretaceous) 
Ankylosauria (Cretaceous) 

Ceratopsia (Upper Cretac^us) 

Sub-class Synapsida 
Order Pelycosauria 

Sub-orders OpUacodontia (Permian) 

Sphenaeodontla, (Lower Permian-Lower Triassic) 
Edaphosaurla (Permian) 

1 Order Therapsida 

Sub-orders Dinoeephalia (Middle Permian) 

Dieynodontla (Permian-Triassic) 

Therlodontia (Permian-Triassic) 

Order Ictidosauria (Upper Triassic-Middle Jurassic) 


EXAMPLE OF THE CLASS.-A LIZARD (LACERTA) 

The most striking external diiierences between lizards (p. 389) and frogs 
are the covering of scales, the comparative smallness of the head, and the 
presence of a distinct neck, the great length of the caudal region, the shortness 
of the limbs, and the approximate equality in length of the anterior and pos- 
terior pairs. The anterior limbs are situated jiist behind the neck, springing 
from the trunk towards the ventral surface. The fore-limb, like that of anurans, 
is divided into three parts : the upper-arm or brachium, the fore-arm or 
ante-brachiutn, and the hand or mamts. There are five digits provided with 
horny claws, the first digit or pollex being the smallest. The hind-limbs arise 
from the posterior end of the trunk towards the ventral aspect. Each, again 
like that of frogs, consists of three divisions — thigh or femur, shank or crus, 
and foot or pes. The pes, like the manus, terminates in five clawed digits, of 
which the first or hallux is the smallest. The head is somewhat pyramidal, 
slightly depressed : the openings of the external nares are situated above the 
anterior extremity. The mouth is a wide, slit-lite aperture running round 
the anterior border of the head. At the sides are the eyes, each provided 
with upper and lower opaque, movable eyelids and with a transparent third 

somewhat difierent classification has been receatiy suggested by Watsem and 
Uomer. See also Crompton for recent work on ictidosaun. 
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eyelid or which, when withdrawn, lies in the anterior angle 

of the orbit. Beh^ the eye is a circular patch of skin— the tympanic mem- 
brane — corresponding closely to that of the frog, but somewhat sunk below 
the general lev^ of the skin. The trunk is elongated, strongly convex dorsally, 
flatter at the sides and VMitrally. At the root of the tail on the ventral snrhu» 
is a slit-like transverse aperture — ^the doacal aperture. The tail is cylindrical, 
thick in front, gradually tapering to a narrow posterior extremity ; it is nearly 
twice as long as the head and trunk together. 

There is an exoskelettm of homy scales covering all parts. These are 
formed from folds of the dermis, each covered with a thick homy epidermal 
layer. In size they differ in different 
positions. On the dorsal surface of the 
trunk they are small, hexagonal, and 
indistinctly keeled. On the ventral sur- 
face they are larger and are arranged in 
eight longitudinal rows. Immediately 
in front of the cloacal aperture is a large 
pre-anal plate. A collar-like ridge of 
larger scales surrounds the throat. On 
the tail the scales are elongated, keeled, 
and arranged in regular transverse 
(annular) rows, giving the tail a ringed 
appearance. On the surface of the limbs 
the scales of the pre-axial (radial or 
tibial) side are larger than those of the 
postaxial (ulnar or fibular). The scales 
on the upper surface of the head {head- 
shields) are large, partly bony in structure, and have regular and characteristic 
arrangement. The skin is periodically shed. The outer layers disintegrate 
into fragments instead of being sloughed off in toto as in many of the snakes and 
some lizards. 

EndodEeleton. — ^The vertebral column is of great length and composed of a 
large number of vertebrae. It is distinctly marked out into regions, a cervical 
of eight vertebrae, a thoraco-lumbar of twenty-two, a sacral of two, and a 
caudal of a considerable but indefinite number. A vertebra from the auiterior 
thoracic region (Fig. 311, A. B) presents the following leading features. The 
centrum {cent.) is elongated and strongly procadous, i.e. the anterior surface is 
concave, the posterior convex. The neural arch bears a short neural spine 
(sjft.). There are pre- and post-zygapophyses {pr. zy„pt. sy.), the former with 
their artictdar surffices directed upwards, the latt^ downwards. On each side 
at the junction of centrum and neural arch is a facet — ^the capUular facet — ^for 
the articulation of a rib. The cervical vertebrae in general are similar in 



lot- 
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Fig. 311. — tacerta: Vutebne. A, 
anterior; B, posterior view of a thoracic 
vertebra; C, lateral, D, anterior view of 
atlas vertebra; lateral view of axis. 
cent, centrum; hyp. hypapophysis of axis; 
lat. lateral piece of atlas; lig. ligamentous 
band dividing the ring of &e atlas into 
two; neur. neural arch of atlas; od. 
odontoid process; pr, ty. pre-zygapophysis; 
pt. zy. post-zygapophysis; rh. rib; sp. 
spine; vent, ventral piece of atlas. 
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essential respects to those of the trunk, but are somewhat shorter. The first 
two, however, differ greatly from the others. The first is the atlas (C, D). it 
has no distinct centrum, but is in the form of a ring. Ventrally on its anterior 
face it bears a smooth articular facet for the occipital condyle of the skull. 
It consists of three distinct ossifications, one ventral, the others dorso-lateral. 
The latter do not quite meet dorsally, being separated by a space bridged 
over by membrane. The second vertebra or axis (E) has a short conical 
process — the odontoid prouss {pd.) — ^projecting forwards from its CMitrum. 
In the natural position of the parts the odontoid process (which is a part of the 
centrum of the atlas, and is not actually fused with, though firmly fixed to, 
the axis) lies in the lower or ventral part of 'the opening of the atlas. It is 
separated by a ligamentous band from the upper portion which corr^ponds to 
the neural arch, and lodges the anterior end of the spinal cord. On the ventral 
surface of the axis, and of each of the following five or six vertebrae, is a distinct 
bony nodule, sometimes termed the intercetUrum or hypapophysis (hy^). The 
sacral vertebrae have short centra aind strong expanded processes — tne trans- 
verse processes — which abut against the ilia. These are probably sacral ribs. 
The anterior caudal vertebrae are like the sacral, but have the centra longer, 
the transverse processes more slender, and the neural spines longer. 

The posterior caudal vertebrae become gradually much smadler posteriorly, 
and the various processes reduced in prominence, until, at the end of the tail, 
the whole vertebra is represented merely by a rod-like centrum. Attached to 
the ventrad faces of the centra of a niunber of the anterior caudad vertebrae 
aure Y-shaped chevron bones — the upper limbs of the Y articulating with the 
vertebra, while the lower limb extends downwards aind backwards. In nearly 
adl the caudal vertebrae the centrum is crossed by a narrow transverse un- 
ossified zone through which the vertebra readily breaks. This singular adapta- 
tion, also found in Sphenodon and a few fossil reptiles, is widespread among 
lizards, and is a protective mechanism which enables the lizard to twist off 
its taul when the appendage is seized by an enemy. The severed tail jumps 
about by reflex action and presumably occupies the attention of the hunter 
while the lizard escapes. Such self-mutilation or autotomy is controlled by 
segmentally arranged caudal muscles which part near the point where the tail 
is grasped. The proximal part of the tail, near the reproduction organs, has 
no such power. Further, the organ can be regenerated. Occasionally two 
new tails develop, forking grotesquely. 

The ribs are slender, curved rods, the vertebral ends of which articulate 
only with the capitular facets of the corresponding vertebrae. There is no 
direct articulation with the transverse processes. The ribs of the five anterior 
thoracic vertebrae are connected by meauis of cartilaiginous sternal ribs with the 
sternum. The posterior thoracic ribs do not reach the sternum, the sternal 
ribs bring very short, and free at their ventral ends. The cervical ribs, which 
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are present on all the cervical vertebrae with the exception of the first tiuree, are 
all shorter than the thoracic ribs, and none of them is connected with the 
sternum. Thus, as regards the structure of the vertebrae themselves, there is 
little to distinguish the posterior cervical from the anterior thoracic 1 but, 
for convenience of description, the first thoracic is defined as the first vertebra 
having ribs connected with the sternum. 

The sternum (Fig. 312, s<.) is a rhomboidal plate of cartilage with a small 
central space, or fontaneUe, completed by membrane. Posteriorly it is pro- 
duced into two slender flattened 
processes. On its antero-lateral 
borders are articular surfaces for 
the bones of the pectoral arch, and 
on its postero-lateral borders and 
the processes are small facets for 
the sternal ribs. 

In the skull (Fig. 313) the 
chondrocranium, though persistent, 
is replaced by bones to a greater 
extent than in frogs, and the num- 
ber of investing bones is more con- 
siderable. On the dorsal and lateral 
surface are a large number of dermal 
roofing bones. At the posterior end 
the rounded aperture of the foramen 
magnum {for. mag.) is surrounded by 
four bones — a basioccipital {bos. oc.) 
below, exoccipitals {ex. oc.) at the 
sides, and a supraoccipital {supr. oc.) 
above. The basioccipital forms the floor of the most posterior portion of the 
cranial cavity. Posteriorly it bears a rounded prominence, the occipital 
condyle {oc. cond.). In front of it, forming the middle portion of the floor of 
the cranial cavity, is the basisphenoid {bos. spk.), not represented in frogs. In 
front of this is an inv^ing bone, the parasphenoid {para.), corresponding to 
the bone of the same name in the frog and trout, but here much reduced in 
size and importance and ankylosed with the basisphenoid. Compared with 
the skulls of other amniotes, it can be seen that those of reptiles in general 
retain relatively large areas of unossified cartilage in the adult, particularly in 
the anterior region. This arrangement allows considerable elasticity and 
aids the swallowing of large prey. Further, when a lizard opens its mouth it 
raises the upper as well as lower jaw. To enable this upper movement a 
special and remarkable hinge exists in the roof of the cranium. Here the 
supraoccipital and parietal elements are separated by an extensive cartUagfnous 



Fic. iii.—Laeerta: Peefantl »idi and 

sternum, cl. clavicle; cor. coracoid; ep. cor. 
epicoracoid; episi. epistemum; glen, glenoid 
cavity for head of humerus; pr. cor. procora- 
coid; f. 1 — r. 4 first to fourth sternal ribs; sc. 
scapula; st. sternum; supra, sc. suprascapula. 
(After Hoffmann.) 
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process, which, attached to the occipital element, articiilates loosely into a slot 
in the parietal and allows considerable play between the two areas and, in 
some reptiles, an astonishing widening of the gape (Fig. 332, p, 498). Skulls of 




Fig. 313. — Laceria: Skull. A, dorsal; B, ventral; C, lateral views, ang, angular; art. 
articular; bos. oc. basioccipital; bas, pig. basipterygoid processes; has, sph. bwsphenoid; col. 
epipterygoid ; cor. coronoid ; den/, dentary; e//i. ethmoid; e;r. oo. exoccipital; nar. external 
nares; /or. wog. foramen magnum ; /r.frontal; tn/. nar. internal nares; /n.ju^; /cr. lachrymal; 
max. maxilla; nas. nasal; oc. cand. occipital condyle; olf. olfactory capsule; opi. ot. opisthotic; 
opt. n. optic nerve; pal. palatine; par. parietal; para, parasph^ihioid ; par. f. parietal foramen; 
p. mx. premaxillae; pr. fr. pre-frontal; pig. pterygoid; orb. postorbital or lateral postfrontal; 
qu. quadrate; s. ang. supra-angular; $. orb. supraorbitals; sq. squamosal; supra. I. i. supratem- 
poial x; supr.oc. supraTOcipital; /rans. transverse or ectopterygom; vom. vomer. The unlettered 
bone mtemal to pt. orb. in A is the postfrontal. The transverse une behind fr. is a superficial mark, 
not a suture. (After W. K. Parker.) 


this type, whenever movement between the upper jaw and bratn*case occurs, 
are termed ‘ kinetic \ 

In the wdl of the auditory capsule are three ossifications — ^ro-otic, epiotic, 
and opisthotic {opi. ot.). The first remains distinct, the second becomes merged 
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in the supraocdpital, and the third in the exocdpitah The exoccifntal and 
opisthotic are produced outwards as a pair of horizontal parotic processes. 

The laxst whits are closely aj^roximated, bong separated only by a thin 
vertical itUerorbUal septum. The cranial cavity is roofed over by the parietals 
{par.) zxA fromtais (fr.). The former are rmited together. In the middle is a 
small rounded s^rture — the parietal foramen {par. /.). The frontals remain 
separated from one another by a median frontal suture. Between them and 
the united parietals is a transverse coronal suture. The nasal cavities are 
roofed over by a pair of nasals (nos.). A small prefrontal {pr. fr.) lies in the 
front of the frontal, and helps to bound the orbit anteriorly. Another small 
bone — ^the lachrymal {Icr .) — ^perforated by an aperture for the lachrymal duct, 
lies at the anterior extremity of the orbit, just within its border. A row of 
small bones — ^the supraorbitals {s. orb .) — ^bounds the orbit above. Behind is 
a postorbital or lateral postfrontal {pt. orb.) articulating with the frontal. 
Just behind the postorbital is a supra-temporal bone {supra f. x), in close rela- 
tion to which is the squamosal (sq.)f which bends forwards and upwards to form 
with the post-orbital the superior temporal arch. The superior temporal vacuity 
is obliterated in Lacerta. At the anterior extremity of the snout is a median 
bone formed by the coalescence of the two premaxiUte {p. mx.). This bears the 
four anterior teeth of each side. On each side behind the premaxilla is the 
maxilla (max.), consisting of two portions, an alveolar bearing all the rest of the 
teeth, and 0. palatine extending inwards on the roof of the mouth, together with 
an ascending process articulating with the nasal and pre-frontal above. Articu- 
lating behind with each maxilla is a. jugal {ju.), which forms the posterior half 
of the ventral boundary of the orbit. The quadrate (qu.) articulates movably 
with the parotic process, and bears at its distal end the articular surface for 
the mandible. 

In the anterior portion of the roof of the mouth, articulating in front with 
the premaxillse and maxillae, are the vomers (vom.). Behind and embracing 
them posteriorly are the flat palatines {pal.). The elongated pterygoids {ptg.) 
articulate in front with the posterior extremities of the palatines. Behind, 
each airticulates with the corresponding basipterygoid process (bos. p^.) of the 
basisphenoid, smd sends back a process which becomes applied to the inner 
face of the quadrate. A stout bone, the transverse bone or ectopterygoid 
{trans.). extends between the maxilla externally and the pterygoid internally. 
Extending nearly vertically downwards from the pro-otic to the pterygoid is 
a slender rod of bone, the epipterygoid {col.). 

The cdumeUa is a small rod partly composed of cartilage and partly of bone 
the outer md of which is fixed into the inner surface of the tympanic membrane. 


‘ In eniiy reptile* (e.g. Umnoscflis, p. 458: «« also Wwjina p. 4*9) the sup«-temp^ 
kamosal and tabular mav be ^me on the i>o^cnor lateral wall of the akull. In extant reptiles 
sc are generally reduced to one or two and their identities are not clear. 
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The inner end is attached to a small aperture, feneshra ovalis, in the outer 
wall of the auditory capsule between the pro-otic and the opisthotic. 

Certain depressions or fossae and apertures or foramina are to be observed 
in the skull. The foramen magnum, the parietal foramen, and the orbits have 
already been mentioned. The posterior temporal fossa is situated on either 
side of and above the foramen magnum, bounded above and externally by 
the roofing bones, and on the inner side by the bones of the occipital region. 
The inferior temporal fossa is bounded internally by the pterygoid, and is 
separated from the palatine foramen by the transverse bone. The lateral 
temporal fossa is the wide space in the side wall of the skull behind the orbit. 
The bony bar which limits it above is superior temporal arch; a bony 
inferior temporal or quadratojugal arch is here absent. The tympanoleustachian 
fossa, situated in the auditory region, is bounded by the bones of tnat region 
together with the quadrate. The posterior or internal nares are\ bounded 
posteriorly by the palatines. The anterior or external nasal aperture i^ situated 
at the anterior extremity of the skull bounded by the nasals and prem^xillae. 

Each ramus of the mandible consists of six bony elements in addition to 
the slender persistent MeckeVs cartilage. The proximal element, the articular 
{art.), bears the articular surface for the quadrate and is produced backwards 
into the retro-articular process. The angular {ang.) is a splint-like bone 
covering the ventral edge and the lower half of the outer surface of the articular. 
The supra-angular {s. ang.) overlies the dorsal edge and upper half of the outer 
surface of the same bone. The dentary {dent.) forms the main part of the distal 
portion of the mandible, and bears all the mandibular teeth. The splenial is 
a flat splint applied to the inner face of the dentary. The coronoid {cor.), a 
small, somewhat conical bone, forms the upwardly directed coronoid process 
immediately behind the last tooth. All these, with the exception of the articu- 
lar, are investing bones. 

The hyoid apparatus (see Fig. 318, b. hy., p. 473; and p. 92) consists i. of 
a median cartilaginous rod, the basihyal\ 2. of the anterior cornua, elongated 
cartilaginous rods which, connected ventrally with the basihyal, curve round 
the oesophagus and end in close relation with the ventral surface of the auditory 
capsule ; 3. of the middle cornua, rods of cartilage ossified at their proximal ends, 
and 4. of the posterior cornua, cartilaginous rods arising from the posterior edge 
of the basihyal and passing backwards and outwards. The middle cornua are 
vestiges of the first, the posterior of the second branchial arch. 

In the pectoral arch (Fig. 312) the coracoids are flat bones articulating with 
the antero-lateral border of the sternum, and bearing the ventral half of the 
glenoid cavity {glen.) for the head of the humerus. A cartilaginous epicoracoid 
(ep. cor.) element lies on the inner side of the procoracoid and coracoid. A 
large gap or fenestra divides each coracoid into a narrow anterior portion — the 
procoracoid {pr. cor.), and a broader posterior portion, the coracoid proper (cor.). 
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The scapula (sc.) articulate with the outer ends of the coracoids, and eadi bears 
the dorsal half of the glenoid cavity. Dorsally, the scapulae become expanded, 
and each has connected with it a thin plate of partly calcified cartilage~the 
suprascaptda {supra, sc.). This extends inwards towards the spinal column on 
the dorsal aspect of the body. An element not hitherto met with, except in 
the Labyrinthodontia (p. 422), is the interdavicle or episUmum {epist.). This is 
a cross-^aped investing bone, the stem of which is longitudinal. In the pos- 
terior portion of its extent it is closely applied to the ventral surface of the 
anterior part of the sternum, while the cross-piece is situated a little in front 
of the scapula. The clavicles {cl.) are flat curved bones articulating with one 
another in the middle line and also with the anterior end of the interdavicle. 
The bones of the fore-limb consist of a proximal bone or humerus, a middle 
division composed of two bones — ^the radius and ulna — and a distal division 
or manus. In the natural position of the parts the humerus is directed, from 
the glenoid cavity with which it articulates, backwards, upwards, and outwards. 
The radius and ulna pass from their articulation with the humerus downwards 
and slightly forwards. The manus has the digits directed forwards and out- 
wards. When the limb is extended at right angles to the long axis of the 
trunk, it presents, like that of the frog, dorsal and ventral surfaces, and pre- 
axial and postaxial borders. In this the radius is seen to be pre-axial, the ulna 
post-axial. In the natural position the pre-axial border of the humerus is 
external. The distal end of the fore-arm is rotated 
in such a way that, while the pre-axial border faces 
forwards and outwards at the proximal end, it 
faces directly inwards at its distal end. The manus is 
rotated so that its pre-axial border faces inwards. 

The humerus is a long bone consisting of a shaft 
and two extremities. Each extremity is formed of an 
epiphysis of calcified cartilage. The proximal ex- 
tremity is rounded, the distal {trochlea) pulley-like 
with two articular surfaces, one for the radius and the 
other for the ulna. The radius is a slender bone con- 
sisting, like the humerus, of a shaft and two epiphyses. 

The (^tal extremity has a concave articular surface for 
the carpus, and is produced pre-axially into a radial 
styloid process. The proximal end of the ulna is 
produced into an upwardly directed process — ^the 
olecranon : the distal end bears a convex articular sur- 
face for the carpus. The carpus (Fig. 314) is composed of ten small polyhedral 
or rounded carpal bones. These consist of a jnoximal row containing three 
bones — ^the radiale (r.), ulnare (».), and intermedium («.), ots^cenirale (c.), and of 
a d^tal row of five (r-5) ; with an accessory or pisiform (f) bone attached to the 



Fig. 314. — haeerias 
Cafpos. l^ft, dorsal view. 
R. radius; U. ulna; c 
centrale; ». intermedium; 
r. radiale; u. ulnare; i — 5 , 
the five distal carpals; 
pisiform; 1 — V, the five 
metacarpals. (After Wied- 
ersheim.) 
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distal epiphysis of the ulna on its postaxial side. The iist digit or poUex con. 
sists of a metacarpal and two jdialanges, the second of a metacarpal and three 
phalanges. The third digit consists of a metacarpal and four i^ialanges. the 
fourth of a metacarpal and five phalanges, and the fifth of a metacarpal and 
three phalanges. The number of phalanges in the first four digits is, there- 
fore, one more than the serial number of the digit. 

The pelvic arch (Fig. 315) consists of two triradiate bones, the ossa inno- 
minata, each ray being a separate bone. On the outer side at the point from 
which the rays diverge is a concave articular surface — ^the acetabulum {Ac .) — 
for the head of the femur. From the region of the acetabulum one of the rays, 



Fig. 315. — Jjaveria: Pelvis. Ventral view. Ac. 
acetabulum; Cep. epipubis. JFo*. foramen for 
obturator nerve; Hp. Is. hypoischium; /. ilium; 
ft, process representing the pre-acctabular part of the 
ilium; Lg. ligament; Is. ischium; p. pubis; pp. 
prepubis; 5. /s. ischiatic symphysis. (After Wieder- 
sheim.) 


the Uium (/.), a compressed rod, 
passes upwards and backwards to 
articulate with the sacral rfegion of 
the spinal column. A seomd ray 
— the pubis (p.) — ^passes down- 
wards and forwards to meet its 
fellow in the middle line. The 
articulation is termed the pubic 
symphysis. In the middle line in 
front, between the anterior ends 
of the pubes, is a small nodule of 
calcified cartilage, the epipubis 
{Cep.). The third ray or ischium 
(/s.) runs downwards and back- 
wards, and articulates with its 
fellow in the ischiatic symphysis. 
The ventral ends of the two bones 
are separated by a plate of cal- 


cified cartilage (S. Is.). Between the pubes and ischia is a wide space, pulso- 
ischiac, divided by a median ligament (^.) into a pair of apertures, the pulso- 
ischiacforamena. A smaller aperture in each pubis, the obturator foramen {Fo.), 
transmits the obturator nerve. A small rod of bone, the os cloaca, or hypo- 
ischium {Hp. Is.), passes backwards from the ischiatic symphysis and supports 
the ventral wall of the cloaca. 


The hind-limb consists, like the fore-limb, of three divisitms. These are 
termed respectively the proximal or femur,, the middle or crus, and the distal 
or pes. The proximal division consists of one bone, the femur ; the middle 
division of two, the tibia and fbula ; the distal of the tarsal and metatarsal 
bones and the phalanges. When the limb is extended at right ang^ with the 
trunk, the tibia is pre-axial and the fibula postaxiaL In the watiiral position 
of the parts the pre-axial border is internal in all three diviacms the limb. 
The femur is a stout bone consisting of a shaft and two epipityaes. The 
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proximal epiph3^is develops a rounded head which fits into the acetabulum. 
Near it on the pre-axial side is a prominence, the lesser trochanter. A nearly 
obsolete prominence on the postaxial side represents the greater trochanter. 
The distal extremity is pulley-shaped, with internal and external prominences 
or condyles for articulation with the tibia. Immediately above the external 
condyle is a prominence or tuberosity for articulation with the fibula. The 
tibia is a stout, curved bone, along the anterior (dorsal) edge of which runs a 
longitudinal cnemial ridge. The proximal extremity presents two articular 
surfaces for the condyles of the femur. The fibula is slender, the proximal end 
articulating with the external tuberosity of the femur, the distal with the tarsus. 
The tarsUs comprises only three bones in the adult, one large proximal tibio- 
fibulare {fib. fb.), and two smaller distal {tars. dist.). Each digit consists of a 
metatarsal and phalanges. The number of the 
latter is respectively, two, three, four, five, and three. 

The first and second metatarsals articulate with the 
tibial side of the tibiofibulare, the rest with the 
distal tarsals. In lizards the proximal head of 
the fifth metatarsal is hooked forwards and the fifth 
toe is peculiarly ofE-set backwards. 

Alimentary Canal and Assorted Struetures. — 

The upper and lower jaws, fcmming the boundary of 
the aperture of the mouth, are each provided with a fb. fibula; tb. tibia; tb. fb. 
single row of small solid conical teeth, and there is (Aftw Gegenbaur.) 

in some species a patch of simiiar teeth on the 

pterygoid. The teeth are adapted to catching and holding, and not for chewing. 
On the floor of the mouth-cavity is the tongue, a narrow elongated fleshy organ, 
bifid in fiont. It is believed t^t, as with snakes, the bifid tongue of lizard is 
concerned with smeU as well as taste. There is evidence that scent particles 
are picked up by the tongue tips and introduced into the Organs of Jacobson, 
which are accessory organs of smell (p . 481). Mucous and salivary glands occur. 
In the single genus of truly poisonous' lizards {Helodenna) salivary glands, as 
in many snakes, are specialised as venom-produdng organs. The poison gland, 
however, is probably a modified infra-labial and therefore not homologous with 
that of snakes (p. 535). 

The cesophagus leads into the stomach (Fig. 317, stom.), a muscular-walled 
cylindrical <ngan which, though expansible, is little wider than the oesophagus. 
Digestion begins in the stomach and is probably cmnpleted aftmr the material 
passes through the p^oric sphincter into the small intestine, which is relatively 
abbreviated, as in most carnivorous animals. There is a hepatic portal ^stem. 
At the pmnt where the Mwall intestine joins the wider large intestine or rectum, 

* It it tmnttfiBM tncHMOotly claimed Uiat fte Aoatraliaa goumas (Ywamts tpp.) are 
venoiQQng^ but pcnaoittog Irmra th^ bites is the tesult oi bacterial infection such as 

n>)ght ocow aftar attadc by a dog. 
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the latter is produced into a sh<Ml eeecum (Fig. 3x7. ccec.). The liver (Ir.) b 
divided into right and left lobes, and a gall-bladder {gM.) lies in a deft at the 
lower margin of the right lobe. The whitish pancreas {pn.), of compound 
structure and function (p. 15*). is situated in the loop between the stomach and 
the duodenum, the anterior part of the small intestine. The bile-duct from the 


Fig. 318.— jUteGrte.* Tiieetsl fetatkauUpi. 

Ventral dissection of male showing the alimen- 
tary, circulatory, respiratopr, and urinogenital 
organs. The liver (/r.) is divided longitudinally 
and its two halves are displaced outwards; the 
alimentary canal is drawn out to the animal's 
left; the cloaca with the urinary bladder and 
posterior ends of the vasa deferentia is removed, 
as also is the right adipose body. a. co, anterior 
cornu of hyoid; at. azygos or cardinal vein; 6. 
hy. body of hyoid ; c. caudal vein ; c. ad. adipose 
l>ody; c. m. coeliaco-mesenteric artery; cap. 
caecum; cr. carotid artery; d. ao. dorsal aorta; 

duodenum; e.ytc. external jugular vein; ep. 
epididymis; ep. g. epigastric vein; /. a. femoral 
artery; /. v. femoral vein; g. 6. gall-bladder; 

jti. internal jugular vein; il. ileum; «. m. 
posterior mesenteric arteries; k. kidney; la. o. 
left aortic arch; 1. au. left auricle; Ig. lungs; 
Ir. liver; m. co. middle cornu of hyoid; p. a. 
pulmonary artery; pc, pericardium; p. co, 
posterior cornu of hyoid; pi. pelvic vein; pn. 
pancreas; pt. c. postcav^ vein; pt, v. hepatic 
])ortal vein; p. v. pulmonary vein; r. rectum; 
r au. right auricle; r. h. a. right hepatic artery; 
ST. sciatic vein; scl, a. subclavian artery; scl. v. 
subclavian vein; spl. spleen; st. stomach; s. v. 
sinus venosus; th. thyroid gland; tr, trachea; 
/ testis; V. ventricle. (After T, J, Parker.) 



gall-bladder runs to, and through, the pancreatic tissue, where it receives 
pancreatic juice £rcmi several pancreatic ducts. Then it reaches the duodenum 
as a hepato-pancreaUc duct. The stomal is attached to the body-wall by a 
fold of petitooeum, the foest^aster ; the small intestine by a mesentery ; and 
the rectum by a mesoredym- Frcnn the dmsal surf^ of the liver to the stomach 
there extends a tiiin fold, the gastro-hepdic omentum. This is continued 
backwards as the duodmo-kepatie omentum, connectn^ the liver with the first 
portion of the Small intestme. The rectum leads into an extensive doacal 
vosu II. cti 



ZOOLOGY 


474 

chamber which is subdivided into a coprodteum and urodaum and finally a 
proctodatm which terminates in a sphincter. The posterior, but not the 
anterior, peritoneum of the body cavity is pigmented black. 

During the present dissection the following structures can be found : 

1. The thyroid gland, a whitish, crescentic endocrine body on the ventral 
wall of the trachea a short distance in front of the heart. 

2. Two pairs of thymus bodies (anterior and posterior) in close relationship 
with the origin of the paired carotid arteries. There is no evidence that they 
are of endocrine function. 

3. The spleen, a sac of blood-storage and,, other functions, is held by 

mesentery near the pylorus (Fig. 317). I 

4. The paired endocrine adrenal glands (suprarenals), lying near the gonads 
(p. 152). The cortical and medullary homologues are interdigitated^ as in 
amphibians. 

5. The adipose bodies (Fig. 318. c. ad), which are two masses of fat of some- 
what gpTniinnar shape in the posterior part of the abdominal cavity between the 
peritoneum and the muscles of the body-wall. 

Blood-vaseular System. — The heart shows an advance on that of the 
Amphibia even though the arterial and venous streams are probably not com- 
pletely separate. The organ is enclosed in a thin transparent membrane, the 
pericardium, and is lined with endocardium. It consists of a sinus venosus, 
right and left auricles, and an incompletely divided ventricle. Fig. 319 
shows the ventral and dorsal surfaces of the heart after removal of the 
pericardium. 

The reptiles show a gradual absorption of the sinus venosus. Chelonians 
retain a large one, but in many it has disappeared, having been incorporated 
into the right atrium, where its remnants are identifiable as valve-like struc- 
tures at the entrances of the great veins. In Lacerta three venae cavae empty 
independently into the sinus venosus. There are no valves. The sinus 
venosus lies dorsal to the right auricle, into which it empties through a slit- 
like sinu-auricular aperture (Fig. 320, a. c. v.) guarded by folds of the auricular 
wall. The left auricle is the smaller of the two and receives the single pul- 
monary vein on its dorsal wall near the interauricular septum. There is no 
valve. Although thin, the interauricular septmn is complete. It runs on to 
a flap of the atrioventricular valve (a. v. v.), so that the blood passes from the 
two auricles to the ventricle through two openings (Foxon et al.). The auricles 
have their iimer surfaces raised into a network of muscular ridges — ^the musculi 
pectinati. Removal of the ventral wall of the ventricle reveals an almost 
complete oblique interventricular septum (*. v, s.). Almost horizontal, this 
separates the right ventral part of the ventricle into a cavum ventrale {c. v.). 
Associated with the base of the pulmonary artery, thjy is termed the 
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cavum pidmonaie. The rest of the ventricle constitutes the eavum dorsale, 
whidi is in turn partly subdivided by myocardial trabecula. Scnne of these axe 
fused, giving rise to a prominent ridge, or secondary septum, which partially 
divides the cavum dorsale as well. The resultant left cavity is the eavum 
arteriosumi the right the cavum venosum. The ventricle therefore consists 
of three incompletely separated cavities. 

From this tripartite ventricle spring the three principal arteries (aorta). 
From the right side (cavum verUrale) originates the pulmonary artery (Fig. 319, 
p. a.). Immediately dorsal arises the left systemic arch. Further dorsally. 



Fig. 319.— iMerta: Heart and large veeaels. Ventral (left) and donal views. /. a. left 
auricle; /. a, v, c, left anterior vena cava; /. c, a. left carotid arch; L p. a. left pulmonary artery; 
1. s. a, left systemic arch; p. a. pulmonary artery; p, a, p, a. position of aperture of pulmonary 
artery; p.i. a. s. position of interauricular septum; p. v, pulmonary vein; p. v, c, posterior vena 
cava; r. a. right auricle; r, a. v, c, right anterior vena cava; r. c. a. right carotid arch; r. p, a. 
ri;;ht pulmonary artery; r. s. a. right systemic arch; s. v. sinus venosus. (After Foxon, Grim tU, 
and Iricc.) 


and to the left, the right systemic arch takes origin. From this both carotid 
arteries arise. Each principal artery is guarded basally by a valve. 

The course of blood distribution may be as follows : venous blood is emptied 
into the right auricle. Oxygenated blood from the lungs enters the left auricle. 
During ventricular diastole (relaxation) each auiide empties into the cavum 
dorsale of the ventricle. The blood which niters the cavum ventrale ‘has to 
do so from the cavum dorsale over the edge of the incmnplete septum’ (arrow 
in Fig. 320). On ventricular sydvle (contraction) this blood will presum- 
ably pass into the pulmmiary arteries; for the septum is so aligned that 
virhen the ventricle contracts its free edge is brought against the opposite wall 
ni the ventricle. Thus functional divi»on of the ventricle is brought about 
in such a way as to connect the cavum ventrale with the base of the pulmonary 
srch. The opening into the left systemic arch remains coimected with the 
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cavum dorsale ' (Foxon et al.). In the Chelonia, on the other hand, the left 
S5rstemic arch opens to the right of the septum. 

The substantial difference in size of the two aurides (see above) and the 
differential capadty of the cavum ventrale and the cavum dorsale make it 
impossible for equal quantities of blood to , be sent to the lung and to the 
systemic drculation during each heart-beat, as occurs in the douUe drculation 
that has arisen in birds (p. 589) and mammals (p. 671). Swne mixture in the 



Fig. 320.— 4l4ic€Wfi; 
Caidiae gtrnetiixiF^ and cir- 
eolaticm* The ventral wall 
has been removed from the 
two auricles and the greater 
part of the ventricle to 
show cavum ventrale and 
origin of the pulmonary 
artery, a. c, v. aperture of 
sinus venosus ; a, p. v. aper- 
ture of pulmonary vein; 
a. V, V, auricular ventricular 
valve: c. d, cavum dorsale; 
c. V, cavum ventrale; i. v. s, 
interventricular septum; 
/. a. left auricle; /. c, a. left 
carotid arch; /. s. a, left 
systemic arch; p, a. pul- 
monary artery; r, a, right 
auricle ; r. c. a. right carotid 
arch; r. s. a, right systemic 
arch; v. p, valve at base of 
pulmonary artery. (After 
Foxon. Griffith^ and Price.) 


Reptilia of arterial and venous blood must inevitably occur. The most recent 
work suggests that oxygenated blood from the left* auride, entering the left 
part of the cavum dorsale, goes prindpally through both carotid ardies, and 
the right S3^temic arch. Some of the right systonic blood may be added via 
the ductus caroticus to that in the internal carotid. De-oxygenated blood 
from the right auricle is emptied into the right portion of the cavutn ventrale 
and passes into the pulmonary arteries for re-txxygmiatioQ at the lungs. The 
ood m the right part of the cavum dorsale goes juindpally into the left 

systemic arch and probably passes through the ductus earotiaas on that side 
into the carotid. 
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As R^faiids citculation in general, the two aortic ardies curve backwards 
round the oesophagus, one to the right and the other to the left. The two ardws 
are non^equivalent and the right carries more hi^dy oxygenated blood than the 
left. The right arch gives off two subclavian arteries as it passes to the mid- 
dorsal position, and then runs posteriorly as the median dorsal aorta. The 
left arch also passes to the mid-dorsal position, but it communicates with the 
dorsal aorta by a small aperture only and is continued mainly as the caeliaco- 
fnesenteric artery (c. m.). This shortly divides into two trunks: a caeliac 
(Fig. 317. coel. a.) supplying the stomach, spleen, pancreas, duodenum, and 
left lobe of the liver, and an anterior mesenteric suppl3dng the. posterior part of 
the small intestine. Three small posterior mesenteric arteries given off farther 
back supply the large intestine. Posteriorly, after giving off renal and gMital 
branches, and a pair of large iliacs to the hind-limb, the dorsal aorta is con- 
tinued along the tail as the caudal artery (Fig. 317, caud. art.). Throughout 
its length, in addition to the larger branches mentioned, the dorsal aorta 
gives origin to a regularly-arranged series of pairs of small vrasels, the inter- 
costal and lumbar arteries. These give off branches that enter the neural canal, 
and others that supply the muscles and integument. 

The venous blood from the tail is brought back by means of a caudal 
vein (Fig. 318, c,). This bifurcates at the base of the tail to form the two 
renal portal veins each of which carries blood to an adjacent kidney. Before 
entering the kidney each gives off a pdvic (lateral) vein (pi.) These are 
entered by the femoral and sciatic veins from the hind-limbs before they unite 
tu form the median epigastric or abdominal {ep. g.), which eventually enters 
the left lobe of the liver. The efferetd renal veins, carrying the blood from the 
kidneys, combine to form a pair of large trunks, which soon unite to form the 
median postcaval. The postcaval runs forwards towards the heart, and, after 
receiving the wide hepatic vein from the liver, enters the sinus venosus. 

Two precavals, right and left, carry the blood from the anterior extremities 
and the head to the sinus venosus. The right precaval is formed by the union 
nf the internal and external jugular and the subclavian. On the left side the 
precaval is formed by the tuiion of internal jugular and sttbclavian, the left 
external jugular being absent. The liver is supplied, as in other vertebrates, 
by a hepatic portal system of vessels, blood being carried to it by a porUU vein. 
This is formed by the union of gastric, pancreatic, splenic, and mesenteric 
veins. The spleen (Fig. 317 and 318, spl.) is a small red body lying in the 
mesogaster, near the posterior end of the stomach. The reptilian erythrocyte 
is nucleated and leucocytes of various kinds occur. The lymphatic system is 
highly devd<q>ed. The main trunk divides and enters the precavals. Lymph- 
hearts occur. 

Respftttteiy Systm. — lizards, unlike frogs^ have no auxiliary means of 
respirati^. Although the hings of Sphenodon aufid othos are little more 
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elaborate t b"" those of anurans, those of most lizards, including Lacerta, 
show a considerable advance. Each organ (Fig. 317, ^.) is a fusiform sac, 
the inn*»r lining of whidi is raised up into a network of delicate ridges giving 
the appearance of a honeycomb. These ridges are much closer and more 
numerous towards the anterior than towards the posterior end of the lung. 
In this ar rangem ent we see what is probably a hint of the highly complex 
S3^tem later to be observed in birds in which dead-spau air is almost eliminated 
by the circulation of the air-current across the anterior respiratory surface 
during both inspiration and expiration. 

Air is drawn in from, and driven back to, the nostrils by means of a mechan- 
ism quite unlike that of fishes and Amphibia. . Air is sucked into the elastic 
lungs as the trunk region in general is expanded by muscles which elevate the 
ribs. We shall see that this method of respiration is characteiistiA of the 
truly terrestrial vertebrates. In the Mammalia it is further complicated by 
the presence of the muscular diaphragm (Fig. 464, p. 676). 

The structures lying between the nostrils and the lungs are a slit-like aper- 
ture, the glottis (situated behind the tongue), into which it leads, and a short 
chamber, the larynx. The lar3mx is less prominently developed than in many 
of the Amphibia. Its walls are supported by cricoid and arytenoid cartilages. 
From the larynx an elongated cylindrical tube, the trachea, passes backwards 
on the ventral side of the neck. Its wall is supported by a large number of 
small rings of cartilage, the tracheal rings. Posteriorly the trachea bifurcates 
to form two similar but narrower tubes, the bronchi, one of which enters each 
lung. 

Brain. — ^The reptilian brain (Figs. 321, 322) lies quite loosely within the 
cranial cavity, surrounded by a tough fibrous membrane, the dura mater. 
It does not fiU the cranium to nearly the same extent as does the brain of a 
mammal, a fact to be considered in the interpretation of endocranial casts of 
fossil forms. The hinder part of the brain is wdl protected by the bones of 
the back and base of the skull as well as those of the roof. The front of the 
brain, however, is more lightly covered, for, as we have seen, the side walls of 
the cranial cavity in the region between, and in front of, the eyes are often 
mainly cartilaginous or membranous. 

The brain is small, both absolutely and relatively. In Lacerta it makes up 
only about 0-5 per cent of the body weight. In certain dinosaurs, whose bulk 
can be estimated at about 20 tons, the brain was only a few inches long. In 
gqperal structure it falls into the typical vertebrate pattern of fore-., mid-, and 
hind-brain, the last-named being continuous with the spinal cord. In the 
fore-brain are paired ovoid cerebral hemispheres (relatively bigger than those of 
Amphibia) and their contained lateral ventrides. Anteriorly each hemisphere 
continues into an olfactory stalk that terminates bluntly in an olfactory btdi 
which received fibres from the olfactory epithelium of the nasal cavity. A 
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vomeronasal nerve from the organs of Jacobson (p. 481 and Fig. 374, p. 544); 


entering an accessory olfactory bulb 
is prominent in many reptiles. 

The extensive neopallium of the 
mammalian cerebral cortex (p. 678) 
probably has its homologue in a 
email dorsal area in each cerebral 
hemisphere which appears to be con- 
nected with the thalamus. Little 
information, however, is available 
concerning the significance of the 
reptilian cortex. 

The most prominent part of the 
hemisphere is the corpus striatum, 
which occludes much of the lower 



and lateral aspects of each ventricle. 
This massive organ reaches an even 
greater development in birds (p. 593) 
in which it appears to be concerned 
with innate (‘ instinctive ’) patterns 
of behaviour. Behind and between 
the cerebral hemisphere and in close 
association with the corpora striata 
lies the small rounded diencephalon 
and enclosed third ventricle (Fig. 
322). With the latter the lateral 
ventricle of each side communicates 
by means of the interventricular 
foramina of Monro. Each lateral 
ventricle contains a vascular, epi- 
thelial choroid plexus which secretes 
cerebrospinal fluid. A small thala- 
mus, which appears to receive sen- 
sory impulses from the brain-stem 
and cord, occurs in the diencephalon. 
Below is the large unpaired hypo- 
thalamus, which is probably con- 
cerned with the integration of 
metabolic and visceral activities. 
The brain-floor is product ventrally 


c.k 



Fig. 321. — Lmeerta: Brain udefaiiialiwmi. 

A, dorsal, with the left hemisphere (c. /i.) and 
optic lobe (a. /.) opened. B, ventral. C, from 
the left. D, in longitudinal vertical section, 
a. c. anterior commissure; aq. s, aqueduct of 
Sylvius; cb, cerebellum; c. c. crura cerebri; 
c. h. cerebral hemispheres; ch, p, choroid plexus; 
c, 5. corpus striatum; /. m. foramen of Monro; 
inf, infundibulum; m, o, medulla oblongata; o. c, 
opticchiasma; o./. optic lobes; o//. olfactcury bulbs 
with their peduncles or tracts; o. t ^tic tracts; 
o. V, aperture between aqueduct of Sylvius Aid 
optic ventricle; p. c. posterior commissure; pn, 
pineal apparatus; pty. pituitary body; v. 3, 3rd 
ventricle (diaccele) ; v, 4. 4th ventricle (metacoele) ; 
I — XII, cranial nerves. (After Parker.) 


into a tubular process, the infundibulum, which ends in a compound pUuitary 


gland or J^pophysis of diverse endocrine function (see p. 149). There is a 
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hypophysial portal system (Fig. 95) between brain and glaiui The 
roof of the diencephalon is produced into a median outgrowth, the pineal 
apparatus (Fig. 321, D, pn. ; Fig. 322. Z), which is divided into two parts. 
One of these has connected with its distal extremity an eye-like structure, the 
parietal organ or pineal eye (Fig. 322, pa.), lying in the parietal foramen, while 
the other is the pineal organ or epiphysis (see p. 128). 



Fig. 322. — Loeeria: Brain and hypophyns. Longitudinal section in an embryo ( x 26). ao. 
olfactory area; 6/. blood -sinus; 60. olfactory bulb; c. cerebellar commissures; ca. anterior com- 
missure; ch, superior (habenular) commissure; ck, central canal of spinal cord; cp, posterior com- 
missure; cpa. anterior pallial (hippocampal) commissure; cpo. posterior optic commissure; cpp. 
posterior pallial (aberrant) commissure; C5. spinal commissure; etc/, swelling of optic chiasma; e^. 
paraphysis; hm, cerebral hemisphere; //v. hypophysis; in. cartilaginous intcr-orbital septum; 
./ (and s). ventricle of infundibulum; o/>/. optic chiasma; pa, parietad organ; pch, choroid plexus 
on medulla oblongata; R, 4th ventricle; to, optic recess; si, sulcus intraencephalicus posterior; 
tp, tuberculum posterior superius; ir, lamina terminalis; vb, ventral flexure of medulla oblongata: 
VC, valvula cerebelli; vp, posterior medullary velum; vt, velum transversum; Z. epiphysis. 
(From Wiedersheim, T. J. Parker, after K. von Kupffer.) 


The mid-brain roof {tectum) is relatively elaborate. It has been established 
that its large paired optic lobes receive most of the fibres from the optic nerves. 
It is probable that the mid-brain is an important co-ordinating centre function- 
ing in a manner somewhat comparable with the mammalian cerri>ral cortex 
(p. 678). The cerebellum (of the hind-brain) is small and lacks laitmal lobes and 
is concerned primarily with equilibrium. It surmounts the medulla etiof^ota 
on the ventral surface of which there has not arisen any structure co r re s po n ding 
to the pons found in the MammaUa. Of the twelve eraifial nerves that 
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arise maizdy from the mid- and hind-brains, the vagus (Xth) and the cranial 
root of the accessory (Xlth) may be fused. From the medulla, the sfyinal cord 
is continued backwards throughout the length of the neural canal, becoming 
slightly dilated opposite the origins of the two pairs of limbs and tapping 
greatly towards the posterior end of the tail. For an outline of the autonomic 
nervous system see pp. Z19, 412. 

Endoeriiw gbuids. — ^These fall into the general vertebrate pattern (p. 147). 
The thyroid is single but may be paired in some species, the two organs some- 
times being coimected by a narrow band of tissue. Near the arterial arches, 
and some distance from the th3n:oid, occur bodies that are probably homologous 
with the mammalian parathyroids. The 
adrenals are situated dose to the gonads; 
their medullary and cortical homologues 
are interdigitated. For the pituitary, see 
p. 149- 

Organs of Spedal Sense.— The olfactory 
organs are more complex than those of the 
anura. The nasal cavities (Fig. 89, p. X38) 
open at the end of the snout by the exter- 
nal nares, and into the cavity of the mouth 
by a pair of slit-like internal nares situated 
near the middle line of the palate. The 
external aperture opens into a vestibule 
through which the air passes to the sensory 
c>])ithelium of the nasal or olfactory cavity 
proper. This contains a convoluted turbi- 
nal hone over which the mucous membrane 
extends. Below each nasal cavdty, and 
separated from them in the adult, is an 
organ of Jacobson or vomero-nasal organ 
iJ-J.), a small sac with strongly pigmented 
walls supported by cartilage. Each opens into the mouth by a duct on either 
side at the front of the palate and is supplied by a separate vomeronasal branch 
of the olfactory nerve known as the vomero-nasal nerve. This sense-organ is 
important in most lizards and snakes and appredates scent partides introduced 
into it by the tongue tips. There is experimental evidence that in some reptiles 
it plays a part in activities such as trailing prey and locatii^ members of the 
opposite sex. Paired ducts communicate with the buccal cavity, probably 
enabling the olfactory appredation of substances held in the mouth. 

The eye (Fig. 375, p. 545) has a cartilaginous sclerotic with a ring of small 
bones suppOTting it externally. There is a cushion-like pectm, a vascular pig- 
mented process simikr to that occurrii^ in birds (p. 596). This projects into 



Fig. 323. — tAMserta: Aadloaviilibnt- 
tioil. Lateral view of right membranouH 
labyrinth, oa. anterior ampulla; oc. audi- 
tory nerve ; ade. opening of the ductus 
endolymphaticus; ae, external ampulla; 
ap, posterior ampulla; br. basilar branch 
of nerve; ca. anterior semicircular canal; 
ce. external semicircular canal; cp. pos- 
terior semicircular canal; cus. canal con- 
necting utriculus and sacculus ; de, ductus 
endolymphaticus; /. lagena; wh. basilar 
membrane; raa, rae, rap, rl. branches of 
auditory nerve; s, sacculus; ss. common 
canal of communication between anterior 
and posterior semicircular canals and 
utricle ; u, utriculus. (From Wiedersheim, 
after Ketzius.) 
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the inner or vitreous chamber of the eye. Cones are proportionally very 
numerous in the retina. Accommodation is brought about by the ciliary 
muscles, which press the ciliary body against the peri- 
phery of the lens and deform into it a more rounded 
shape suitable for close vision. Two glands, the lachrymal 
and the Harderian, lie in the orbit and produce moisten- 
ing and cleansing secretions. The eyes are protected 
also by lids. In addition, there is a third lid, the 
nictitating membrane, which slides across the moist cornea. 

The ear consists of two principal parts, the internal 
ear or membranous {aljyrinth, and the mu 
tympanic cavity. The latter is closed extemi 
tympanic membrane (Fig. 93, p. 144). It comi 
with the cavity of the mouth by the Eustaci 
which is narrower and longer than in frogs, 
wall of the tympanic cavity is formed by the 
of the auditory region of the skull, in which there are 
two fenestrae — ^the fenestra ovalis and the fenestra rotunda. 
The columella stretches across the cavity from the 
tympanic membrane, and is fixed internally into the 
membrane covering over the fenestra ovalis. 

The parts of the membranous labyrinth (Fig. 323) are 
enclosed by the bones of the auditory region. Between 
the membranous wall of the labyrinth and the surround- 
ing bone is a small space containing fluid, the perilymph. 
The labyrinth itself consists of the utrictdus with the three 
semicircular canals and the sacculus with the lagena. The 
utriculus (u,) is a cylindrical tube, bent round at a sharp 
angle : the semicircular canals (ca,, ce,, cp,) are arranged 
as in vertebrates in general (p. 145). A narrow tube, the 
ductus endolymphaticus, leads upwards towards the roof 
of the skull and ends blindly in the dura mater. The 
sacculus is large and rounded. The lagena (/.) forms a 
flattened, not very promineat, lobe, and is of simple 
form. It contains what is probably a special organ of 
hearing, the papilla hasilaris, 

Urinogenital System.— The kidneys (Figs. 324 and 
325. ^0 are a pair of irregularly shaped, dark red 
bodies, each consisting of two lobes, anterior and 
posterior, situated in close contact with the dorsal wall of the posterior por- 
tion of the abdominal cavity, and covered with peritoneum on their ventral 
laces only. Their posterior portions, which are tapering, are in close contact 


Fig. 324. — Laceria: 
Male urinogenital ey- 
atem. The ventral vrall 
of the cloaca is removed, 
the bladder turned to 
the right, and the peri- 
toneal covering of the 
left testis and epidi- 
dymis is dissected away. 
bl. urinary bladder; 
b. Ig. fold of peritoneum 
supporting epididymis; 
c/i. anterior and cl*. 
posterior divisions of 
the cloaca; ep. epidi- 
dymis; A. kidney; mso. 
mesorchium; p. copu- 
latory organs, of which 
the right is shown re- 
tracted {p*) and the left 
everted {p)\ r. m. re- 
tractor muscle of latter ; 
r. ndge separating an- 
terior and posterior 
divisions of cloaca ; ret. 
rectum ; rcV. its opening 
into the cloaca ; t. testis ; 
u. g. urinogenital papilla 
and aperture; v. d. vas 
deferens. (After T. J. 
Parker.) 
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with one another. Eadi has a delicate duct, the ureter, opoiing posteriorly 
into the urodeeum of the cloaca. From here water is reabsorbed. A uHnaty 
(aUautoic) Uadder {hi.) (see also p. 159), a thin-walled sac, opens into the cloaca 
on its ventral side. To reach the bladder, from which fluid is probably 
reabsorbed, the urine must first pass into the 

cloaca and remain undischarged. M 

In the male the testee (Fig. 324, <.) are two 
oval white bodies. The right testis is situated — ** 

just posterior to the right lobe of the liver ; the Wm 

left organ is somewhat farther back. Their in- 

temal structure, and functions, follow the general j H j 

craniate pattern (p. 152). Each testis is attached o 

to the body-wall by a fold of the peritoneum, the M 

msorchium (mso.). The epididymis {ep.) extends 

backwards from the iimer side of each testis, 

and passes behind into a narrow convoluted tube, «>• — 

the vas deferens or spermiduct {v. d.), which opens 

into the terminal part of the corresponding ^ 1 

ureter. Grooves guide the spermatozoa from the 

urodaeum to twin penial structures {‘ hemipenes’) ^ 

(Fig. 324, p.^), which arise from the proctodaeum allMH 

as eversible folds. Vascular and erectile, these wjBiy ^ 

assume a cylindrical form when everted (Fig. 378, ^ — af 

p. 550). E^ch has a dilated and bifid apex and 
is used singly and independently of the other for 

the dischaurge of spermatozoa into the female trai wau of the cloaca, the 

. , urinary bladder, the posterior 

tract. end of the left oviduct, and the 

Fertilisation must, of course, be internal in p«»to«eai investment of the left 

ovary and oviduct sere removed, 
truly terrestrial vertebrates and occurs in the 6. ig. broad ligament; anter- 

anterior part of the oviduct before the enclosure “so! 

of the egg by its protective coverings. mj^vanum; od. left ovMuct; 

The OVUfieS (Fig. 325# ^ pair of irregu- aperture of right oviduct into the 

larly oval bodies with their surfaces raised up olSerr' (Srte?i.Tp*uS*r 
into rounded elevations which mark the position 

of the oocytes. They are situated a little farther back than are the testes, 
and each is attached to the body-wall by a fold of the peritoneum, the meso- 
varium (mse.). The eggs are extruded into the body cavity (od'.) and pass 
into the anterior ends of the oviducts (od.). These are thin-walled, wide 
tubes whidi communicate with the urodaeum. Their opening (od.') is distinct 
from, and a little in front of, those of the ureters. A fold of the peritcmeum, 
the broad /foment (b. Ig.), attaches the oviduct to the body-walL 


Fig. 325 . — Laeertaf Famale 
nrinogmital qnttm. The ven- 
tral wall of the cloaca, the 
urinary bladder, the posterior 
end of the left oviduct, and the 
peritoneal investment of the left 
ovary and oviduct are removed. 
6. Ig. broad ligament; cl^, anter- 
ior and cl^, posterior divisions of 
the cloaca; k, kidney; mso. 
mesovarium; od. left oviduct; 
vd\ its peritoneal aperture; od", 
aperture of right oviduct into the 
cloaca; ov. ovary; ur. aperture 
of ureter. (After T. J. Parker.) 
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interrelationship op the REPTOIAN GROUPS 
One of the most noteworthy features of the reptiles is the evolution of the 
tem poral region of their skulls. The structure of this region has led to their 
classification into five principal groups, but it should be borne in mind that 
a considerable difference of opinion exists concerning the true affinities of 
many a nimals that are still known only by fragments of endo- or exoskeleton. 

The basic classification of the Reptilia on temporal openings (Fig. 326) 
illustrates certain early evolutionary trends, but it is now generally believed 
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Fig. 326. — Reptilia: Baiic aknll stmetun. For explanation, .see Table 3, p. 485. (After 
Colbert.) 


that such a classification can also be very misleading. For example, the 
ichthyopterygians (p. 490) and sauropterygians (p. 492), long dassified 
together in the ‘ Parapsida are now thought to be only very distantly 
related. The two immense assemblies, Lepidosauiia (p. 495) and Archosauria 
(p. 498), both often believed to show the du^id conditi<m, have also diverged 
separately from the primitive reptilian stock. An outline of the basic grouping 
is given in Table IV. 

The most primitive forms, the Cotylosauria (‘ stem reptiles ’), had a complete 
bony roofing in the temporal region — ^the anapsid c(m<htion — as did the early 
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Amphibia from whidi reptiles originated (see pp. 458, 486). According to 
most authmities, this is still found in living Chdonia (sometimes modified 
by emarginaticm). vrhich, together with the cotylosaurs. form the sub-dass 
Anapsida (Fig. 4A4). 

Frmn this primitive skull may have evolved two principal t}rpes. The 
first oi. these has a single vacuity in each side, and is known as synapsid. The 
vacuity was bounded at first by the postorbital and squamosal bones above, 
and the squamosal and jugal bmies below, but later the parietal appeared 
within the opening owing to the enlargement of the vacuity and reducticm in 


Table IV. Temporal Openings of Reptiles. 


CondUion, 

Number und ArrangemenL 

Pvineipai Groups. 

Anapsid 

None. Solid roof to skull 

Cotylosaurs. chelonians * (turtles) 

Synapsid 

One. Low behind eye with postorbital 
and squamosal meeting above 

Pelycosaurians and mammal-bke 

1 reptiles 

Parapsid 

One. High behind e^^e usually with post- 
frontal and supratemporal meeting 
below 

Mesosaurs and ichthyosaurs * 

Euryapsid 

One. Behind eye bordered below by 
postorbital and squamosal 

Protorosaurs and sauropterygians 

Diapsid 

Two. Postorbital and squamosal usu- 
ally meet between them 

Eosuchians. Rhynchocephalia 
{Sphenodon), dinosaurs, pterosaurs, 
Crocodilia ^uamata (fizards and 
snakes) 


* Condition sometimes or always shown in modified form. 


size of the postorbital. Reptiles having this type of skull — ^the Synapsida — 
are mammsd 4 ike and certaidy include the ancestors of mammals which them- 
selves possess the synapsid skull further modified by the loss of the post- 
orbital and quadratojugal bones, and by the indusicni of the quadrate within 
the ear. 

Another modification of the primitive type is known as diapsid. Here 
there are two vacuities in the temporal region, with the postorbital and 
squanK>sal meeting between them. This conation is found in many reptiles 
{e.g. Crocodilia, ‘dinosaurs’, pterosaurs). In a modified form it occurs in 
lizards, stakes, and persists also in birds. The lizards lost Hie quadratojugal, 
thus opening tlw lower vacuity bdow. The snakes, the most modem group 
of reptfies, carried this modification still further by redudi^ or loring the post- 
orbital and lodng the jugal. The Ifirds lost the postoibital, with the result 
that the two vacuities and the orintal opening are confluent 

A f^ small r^fUiiles (e.g. Armosct^) have anng^ temporal vacuity differ- 
ing from the synapsid t^ in ^t the postorintal and squamosal meet bdow 
the ope^ng. ScMUe authorities beheve thh vacuity is honmlogous with the 
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upper vacuity of the diapsid skull, and that the vacuity of the synapsid skull 
is homologous with the lower vacuity of the diapsid skull, and so have given it 
another name— Often included in this sub-class are two aquatic 
groups, the Mesosauria and Ichthyosauria, which have single temporal vacuities 
in the skull. Their skulls, however, are peculiar, and there is not a great deal 
of evidence in the skeletons of these reptiles to ally them to the other orders. 

It appears, therefore, that the primitive reptiles with a completely roofed, 
or anapsid, skull gave rise to the Synapsida, and to the various diapsid and 
parapsid groups. 

SUB-CLASS ANAPSIDA . 

Order Cotylosauria I 

The oldest reptiles, the cotylosaurs, range from the Upper Carbo^ferous 
to the Upper Trias when they became extinct. Many of them show little 
advance on their ancestors, the lab}n:inthodont Amphibia. The group is 
probably mixed in origin. The members composing it are held together 
chiefly by two characters ; the complete roofing of the skull, and the flattened, 
plate-like pelvis. These reptiles showed few specialisations, and varied in 
size from about a foot to lo feet in the case of the parasaurs. Two sub-orders 
are recognised as follows: 

SUB-ORDER CAPTORHINOMORPHA 

These (e.g. Limnoscdis, Captorhinus, Labidosaurus (Fig. 310, p. 358)) were 
primitive Lower Permian cotylosaurians which varied considerably in structure. 
They had high, narrow skulls contrasting with the typically flattened amphibian 
form. At the same time many of the characteristic cranial features of the 
early Amphibia were retained. The skull was completely roofed and strongly 
ossified. The amphibian otic notch was lost. The position of the t3rmpanic 
membrane has not yet been certainly established. These animals seem to 
have been the forerunners of the Synapsida. 

SUB-ORDER DIADECTOMORPHA 

These (e.g. Diadectes, Procolophon) survived into the Triassic. These 
probably carried themselves clear of the ground, and-some possessed remark- 
able teeth that suggest a herbivorous diet. They develop^ a peculiar otic 
notch and a short and heavy skull. Parasaurus had a large skull studded 
with protuberances and plate-like bones along its dorsal surface.' The sub- 
orfer includes the majority of the cotylosaurs and has some features in common 
with the Diapsida. 

Order Chelomia 

The principal trend in amniote evolution involved, of course, adaptation to 
terrestrial conditions but in all classes from Amphibia to Mammalia, various 
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groups retreated to, or reccmquered, the water. The sea in particular, with its 
rich, unending harvest of food, has been repeatedly invaded by reptilian, avian, 
and mammalian lines. 

The turtles (Fig. 327) including tortoises, probably represent an early off- 
shoot from the primitive cotylosaurs. They retain certain unmistakable anapsid 
characteristics. No convincing explanation has been forthcoming to account 
for the development of, and retreat into, their extraordinary, box-like exo- 



Fig. 327.— Sub-class AnmMs, Order Ohtionta, Sub-order GryptoAiHi, Pamay Chalmito. 
Cheionia* The Green (Edible) Turtle (C. mydas) re-entering sea after nocturnal egg-laying on a 
tropical l^ach. (Partly after dash-light photograph: Sarawak Museum Journal,) 


skeleton ; and it is of high interest that, having established this peculiarly 
bizarre armour, they have, in many respects, remained stable and relatively 
unaltered since the Triassic some 160 million 3rears ago (p. 3). 

Living turtles — ^they are generally called tortoises when essentially terres- 
trial — orange from a few inches to about 6 feet in length. One turtle {Derma- 
chelys) we^hs considerably more than half a ton. Both herbivorous and 
carnivorous forms exist. There are more than two hundred living species, 
some of which have returned to an almost cmnpletdy aquatic life. 

Thdr early devdopment is still obscure. A good series of spedmmis is 
available from the Triassic (mwards, but their pre-Hesosoic hisUny is but 
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sketchily discernible. Permian specimens would tell palseontdogists a great 
deal— but no undoubted chelonian has been found in these deposits. Possibly 
Eunotosaurus, of mid-Permian age, is close to the main line of chelonian ances- 
try, but the skull roof of the specimen is damaged ; it is not known if it had 
a temporal aperture. Eunotosaurus still possessed teeth (see below) ; and 
although the limb-bones were badly preserved, the smaller number of vertebra 
and broad ribs are suggestive, even though the animal had neither true carapace 
nor plastron (p. 527). The plates of Eunotosaurus were almost spatulate 
rib-expansions, and it is now generally accepted that the characteristic plates 
of chelom'ans develop not from ribs, but from separate bony dermal plates 
which unite with each other and with supporting ribs and verteb^. The 
more restricted plastron of the turtles appears to have arisen from ablominal, 
and, anteriorly, from clavicle and interdavicle elements of the andenft dermal 
pectoral girdle. • i 

In embryonic development the girdles, more or less inside the rite in modern 
adults, do not change their position. Instead, the adult condition arises by 
the radial expansion of the carapace (which becomes fused with the ribs early 
in development) and plastron until the margins of the developing armour 
extend over, enclose, and protect the girdles (Ruckes). At the same time, 
however, there is no proof that phylogeny has duplicated ontogeny. 

Once established, the turtles flourished both in numbers and, often, in in- 
dividual size. The Cretaceous Archehn was about 12 feet long with a timilar 
approximate width across the flippers. Protected by their grotesque armour 
and secure from too drastic competition in specialised ecological niches, some 
lines remained relatively abundant in the Caenozoic after most of their Mesozoic 
relatives had vanished. Of the larger forms, a homed turtle Mekiania (a 
giant with a skull about 2 feet wide) survived in Australia until the Pleistocene. 

The only considerable, but still rdativdy superficial, dianges undergone 
by chelonians have been various reductions in atmotu: and the modification of 
land-limbs into oar-like flippers. In sea-going turtles the proximal limb- 
elements are compacted; the distal ones are lengthened, and support the 
paddles with which the animal skulls swiftly along. The retreat from the 
land and terrestrial predators has enabled certain marine forms (e.g. the 
modem Dermochelys) to reduce their weight by an- enormous reduction in 
exoskeleton. Most people believe all dielonians to be excessivdy slow- 
moving, but marine turtles, and Dermochdys ia particular, are by far the 
fastest reptiles and, surprisingly, rival many large land tetrapods' fw speed. 
Terrestrial chelonians, though always slow, have often improved thdr agility 
by reduction of armour, particularly on islands free from predators. Others 
have develo]^ hinged armour (e.g. Cinixys ) ; and the African Testudo tomieri 
has reduced its dermal armour to be sufficiently soft-bodied to squeeze between 
crevices in the rocky areas in which it lives. 
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Chekmians are said to live to a great age, but few authenticated data are 
available. The famous turtle with 'G. Washington, 1751’ carved on its 
carapace is bdieved to have been a fraud, so to speak ; and the Napdeonic 
giant of St. Helena, reputed to have lived more than 120 years, was probably 
‘composition of two animals whose period of residence . . . overlapped’ 
(Loveiidge, cited by Carr). Gilbert White is said to have kept a tortoise 
aged forty when acquired, for another fifteen years ; and there is a famous 
tortoise, believed to have been left by Captain Cook in 1777, that still lives in 
Tonga. This scorched (by a bush fire) and battered veteran resides in the 
palace grounds and bears the title of Tut (High Chief) MalUa and is 'the 
greatest character, outside the Royal Family', in the islands (Snow). The 
animal is said to have been actually branded by Cook. In 1923 it was reported 
to be blind and that, when walking, it ‘creaked like an ox-cart’ (Flower). 

It was still alive in 1956. If, as seems probable, this venerable reptile (which is 
traditionally given a token portion of State banquets) is in fact one of the 
original pair left by Cook, it must be at least 180 years old. 

The modem chelonian skull is without temporsd vacuities (p. 484). The 
modem body is enclosed in a shell of bony plates, consisting of a dorsal carapace 
and a ventral plastron, partly of dermal and partly of endoskeletal origin. 
There is usually on the surface an epidermal exoskeleton of homy plates. 
The vertebrsB and ribs of the thoracic region are firmly fused with the body 
carapace, into the composition of which they enter. 

The limbs are sometimes terminated by clawed digits adapted for terrestrial 
locomotion, sometimes modified into the tiiape of flippers. There are no 
teeth, and the jaws have a homy investment. The lungs are compound sacs. 
In essentials the heart and brain resemble those of the Squamata (p. 49 ^)’ 
There is a median penis difiering in structure from that in Squamata, but 
essentially like that of crocodiles (p. 499)* 

The following modem groups are recogmsed : 

Sub-order Pleurodira (‘side-necked’ turtles), of southern countries. These 
date frcun the Mesozmc, and generally curve the neck and draw the head ^side- 
ways under the shell. Families: Pelomedusid®, which are freshwater animals 
of Africa, and southern Australia. In these the skull is covered 

with homy shields, and the limbs are not paddle-sh^>ed, and the neck is 
completely letractible. Chelklae (‘snake-neck’ turtles) of ^uth ^erica 
and Australia. These are rather like the above, but the neck is long and not 
completely hidden when retracted. Kinostemid* (mudc terrapins of North and 

Central Ammca). . , . 

Sub-order Cryptodiia, tiie dominant and almost cosmopolitan chdomans 

of to-day and which date from the Cretacemis. These retract the head by means 
of an S-anvatore of the neck. Familiw: Dermatemydid* (Central American 
terrapms allied to the previous group). Hatystemida (ficeshwater4wellers of 
voi..n. ““ 
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Asia). Emydidae (almost cosmopolitan freshwater reptiles, but absent from 
Australia; they exhibit striking parallelism with the next family). Testu- 
dinidse (including most chelonians; cosmopolitan except for Australasia). 
These show gradations between terrestrial and aquatic extremes. They include 
the diamond black terrapins {Malademys) of the epicure, the famous Giant 
Tortoises {Testudo) of the Galapagos, African and American gophers and many 
others). Chelydridae (snapping turtles of North and Central American fresh- 
waters with large heads, long ‘alligator-like’ tails, rough shells, and projecting 
folds of skin on neck and limbs). Chelonidse (true sea-going turtles of which the 



Fig. 328. — Sub-class lUiUiyivtetysia, Order Mitturomuis, Family OphfhalmOMUmos. 
OpMIuUmouauvua. The Mesozoic ichthyosaurs, bearing convergent resemblances to extant 
dolphins, seem to have been the most perfectly adapted of all aquatic reptiles. They could not 
lay ashore (cf. Chelonia and Crocodilia). Fossilised young have been found in the cloacal region 
of adults, suggesting an ovoviviparous mode of reproduction. (From B.M. (N.H.) catalogue.) 


three best known are the essentially herbivorous Green or ‘Soup’ turtle {Chelo- 
nia), Hawksbill (Eremochelys) and Loggerhead {Caretta)). Trionychidae (‘soft- 
celled’ turtles with reduced carapace and plastron covered with skin, fleshy lips 
and s^ proboscis, and a flat and roimded form, from Ahica, Asia, and North 
America). Dermochelida {Dermochelys == Sphargis, the ‘ Leathery Turtle ’ with 

dermal skeleton consisting of a mosaic of bony plates embedded in the dorsal 
skin). 


SUB-CLASS ICHTHYOPTERYGIA 
Order Mesosavria 

^e true position of the mesosaurs (e.g. Mesosaurm) has not bear established 
with certainty. They occur in late Carbonifaous or early Permian beds and 
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were unquestionably reptiles that had become aquatic. They were freshwater 
lake-dwellers with slender bodies some 3 feet long. Their hind-l^[s were much 
the more powerful pair, and they had a long, laterally compressed tail. Their 
vertebrae had features not unlike those of the cotylosaurs from which they were 
possibly derived as an exceedingly ancient branch. 


Order Ichthvosauria 


These are fully marine, superficially fish-like, reptiles with a skull with a 
single lateral temporal vacuity (e.g. Ichthyosaurus, OpMhalmosaurus (Fig. 328)). 
Some were of very large size {30 or 
40 feet long), with a somewhat fish- 
like body and a large head produced 
into an elongated snout or beak. 

They had no neck but possessed an 
elongated tail and limbs in the form 
of swimming-paddles. The vertebr® 
were amphicoelous. A sacrum was 
absent, so that only pre-caudal and 
caudal regions are distinguishable. 



The ribs in the cervical region had 
two heads for articulation with the 
vertebra. A sternum was absent, 
but there was a highly developed 
system of abdominal ribs. The skull 
was produced into an elongated 
rostrum, formed chiefly of the pre- 
maxilla, and with small nostrils 
•situated far back. The orbits were 
large and contained a ring of bones 
developed in the sclerotic. A colu- 
mella was present and articulated 
with the quadrate, and there was a 
large parietal foramen. The quad- 
rate was immovably fixed to the 
skull. The pterygoids met in the 
middle line and extended forwards 
to the vomers, and so separated 
the palatines, as in Sphenodon. The 



Fig. 329.— bhUiyoMiuia: Iioeomotoy «aei- 
liMtioiUi. The tetrapod limbs became paddles, 
and the tail scull-like. The more primitive 
forms {e.g, Mixosauridae) of the Triassic still 
possess^ tails of a fairly 'typical' reptilian form 
(top left figure). Advanced forms {e,g. Ichthyo- 
sauridae of the Jurassic and Cretaceous) had 
evolved a homoceral tail superficially similar to 
that of many modem teleosts (bottom left). 
With this caudal development there was a re- 
duction in the sise of the pelvic paddles. At 
the same time there occurred a marked increase 
in the size of the pectoral paddles (bottom right) 
which became stabilisers functionsdly similar to 
those of modem sharks. (Redrawn from Colbert, 
after various authors.) 


pectoral arch contained only cora- 
coid, scapula, and clavicle. There was no precoracoid. The coracoids were 
broad bones whidh met ventrally for a dhort distance without overlapping. 
The b<mes of the pdlvis were not strongly developed. There was no sacrum, 


492 


ZOOLOGY 


i.e. the ilia had lost their connections with the ^inal column. The pubes 
and ischia of opposite sides met in ventral symphyses. There was no obturator 
foramen. Humerus and femur were both ^ort, and the rest of the bones of 
the limb were disc-like or polyhedral. The phalanges were numerous, and 
usually arranged in more, but sometimes in fewer, thain the usual five series. 
The teeth were not in separate sockets, but set in a continuous groove. 
Some forms were toothless. The tail vertebrae in the middle forms had a 
characteristic downward bend which in later forms became almost a right 
angle. The body thus extended into the lower lobe of a large vertical caudal 
fin (Fig, 329). , 

The ichthyosaurs had become so fish-like that they would probably be 
helpless ashore. It is almost certain that ichthyosaurs were unabK to lay 
their eggs ashore, and the presence of smaller, probably juvenile inmviduals 
within the ribs of adults suggests, but does not prove, that they w^re vivi- 
parous. The ancestry of the group is still in dispute. They appeared in the 
Triassic, flourished exceedingly in the Jurassic, and disappeared mysteriously 
in the Upper Cretaceous. Their distribution was almost world-wide. 

SUB-CLASS SYNAPTOSAURIA 

The synaptosaurians were late Palaeozoic and Mesozoic aquatic reptiles 
possessing a single temporal ('paurapsid'} vacuity high in the skull. Many of 
them, however, had little else in common, amd the present arrangement may 
not reflect their true affinities. 

Order Protorosauria 

This terrestrial group may represent the earliest symaptosaurians. The 
order was one of the few such found in the Lower Permian. Araoscelis may 
have been an example, although recent evidence suggests that it was a cotylo- 
saur (p, 486), and that the order Protorosauria may be more appropriately 
placed near the eosuchians (p, 495). Araoscelis was an agile lizard-like reptile 
about a foot long with amphicoelous vertebrae and many other primitive features 
in skull and girdles. Protorosaurians ranged to several yards in length. 
Their affinities have not been established with certainty. 

Order Sauropterygia 

These were aquatic reptiles with a single temporal vacuity in the skull, 
which is bounded below by a postorbital-squamosad auxh. The coracoids are 
single. There are three sub-orders : 

SUB-ORDER NOTHOSAURIA 

These were small and somewhat primitive Middle arid Upper Triassic 
amphibious reptiles with webbed feet. They were probably dose to the 
ancestry of the two following groups. 
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SUB-ORDER PLACODONTIA 

The placodonts had long limb-bones and a specialised palate armed with 
massive crudiing teeth on the palatine bones which were probably adapted 
to crushing molluscs. The vertebrae are deeply amphicoelous. The body 
was covered with heavy bony scutes. They were confined to the Middle 
Trias, e.g. Placodus, Cyamodus. 

SUB-ORDER PLESIOSAURIA 

These were aquatic reptiles, sometimes more than 40 feet long. They had 
flattened bodies. Their appearance was quite distinctive, and Dean Buckland, 
the celebrated 19th-century geologist (and divine), likened a plesiosaur to a 



Fig. 330. — Sub-class f^malosaillia* Order CUmxiVtefSia, Sub-order Flesioiaiiiia. ffoattio- 
Aourica. Plesiosaurs sculled on, or near, the surface with paddles supported by numerous finger- 
b)nes that remained elongated and were never compressed like those of ichthyosaurs (Fig. 329). 
Hip and shoulder musculature was powerful. The teeth were many, sharp, and long; and were 
adapted to holding and swallowing struggling fish. Some plesiosaurs approached a length of 30 
leet. The large flying rutile is Pitramodon (see p. 503). 

snake threaefed throng a turtle's sheU* This apt description, of course, refers 
only to the getiearal shape, for the body was not heavily armoured (Fig. 33 ®)* 
The limbs were modified to form swimining-paddles. The vertebra of plesio- 
saurs were usimily amphicoBlous. The sacrum consisted of one to five vertebra. 
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There was no sternum. In the skull there were large premaxillse. A bony 
secondary palate was absent and an ectopterygoid present. There was a well, 
marked parietal foramen. The ring of bony plates (developed in the sclerotic 
found in the orbit of some fossil reptiles) was not developed. The pectoral 
arch presented some remarkable features. The coracoids always met in a 
ventral symphysis, and the ventral portions (acromial processes) of the scapula 
often met. In front there was, in most cases, an arch of bone, consisting of a 
median and two lateral portions, which probably represent the interdavicle 
and the clavicles: in some forms this arch was reduced or absent. In the 
pelvis the broad pubes and ischia met in the mid-line. The two symphyses 
remained separate, or united and divided the space into two separate obturator 
foramina. The teeth were implanted in distinct sockets. ^ 

The ventral elements of each limb-girdle (scapulo-coracoid and pubo- 
ischium) were expanded and flattened and gave attachment to the large muscles 
operating the paddles which sculled the reptile through the water. 

A divergent stem, represented by Elasmosaurus, had an enormously long 
neck containing nearly eighty vertebrae. At the other extreme was Kronosmrus 
with a short neck and a skull about eight feet long. The Plesiosauria dated 
from the Trias and extended to the Cretaceous. 

The various reports of huge sea-serpents made from time to time have 
led some to believe that plesiosaurs may still exist, as do coelacanth fishes 
(p. 356), in remote seas. For example, in 1809 an animal with a 'snake-like 
body’ allegedly 56 feet long wais washed ashore in the Orkneys and reported 
as a sea-serpent. Home identified the only parts preserved as belonging to the 
'Great Basking Shark’ (Cetorhinus) (p. 227). D’Arcy Thompson, however, 
believed the animal almost certainly to be a huge oar-fish {Regalecus (p. 297)). 
Again, in 1848 the captain and officers of H.M.S. Dadalus claimed that they 
saw a 'sea-serpent’ al^ut 60 feet long with a head ‘without doubt that of a 
snake’ off the African coast. As recently as 1917 officers and men of H.M.S. 
Hilary thought they saw a 'sea-serpent' with a black and glossy head near 
Iceland. It was sunk by anti-submarine fire, without surviving parts. Further, 
the numerous accounts of the Loch Ness 'monster’ will be recalled. 

In view of the discovery of living coelacanths it would not be difficult to 
imagine that a plesiosaur or related form might still exist in remote waters 
except for one important fact — that sea-serpents must be lung-breathers and 
so spend much of their time on the surface. Therefore, they could not remain 
imobserved in these days of constant voyaging in all oceans, evra including 
southern waters right to the Antarctic pack-ice. Porpoises swimming in line 
ahead are said to look very like a big imdulating sea-serpent. * Sea '-serpents 
have been reported from the Victoria Nyanza where the undulatory movements 
of three or four otters swimming in line conform closely to clas sic descriptions. 
Undulating flights of migratory sea-birds, large fishes moving in line ahead. 
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attenuated masses of drifting seaweed and giant squids with trailing anns all 
assume shapes likely to influence the credulous. Certain eels reach a leng[th of 
about 6 feet while still larvae (p. 352). This has provoked the suggestion that 
some sea-serpent sightings may have referred to the occasional surface appeaur- 
ances of the (as yet undescribed) adult. 


SUB-CLASS LEPIDOSAURIA 

Representatives of this sub-class typically have two temporal vacuities 
(p. 484), though these have become reduced in the more specialised forms. 
The surviving lepidosaurs belong to the Orders Rhynchocephalia (e.g. the 
surviving Sphenodon) and Squamata (lizards and snakes). 

Order Eosuchia 

The eosuchians appeared in the Upper Permian. Youngina, the best- 
known specimen, had an interparietal, and tabular bones, in the skull and 
retained a parietal foramen. It had no antorbital foramen. There are 
adequate reasons for believing it was extremely primitive and sufficiently 
unspecialised possibly to have been ancestral to the Squamata (lizards, p. 496) 
and therefore ultimately also to the serpents. (Thalattosaurs, once thought to 
be eosuchians, are now believed to be aberrant marine lizards.) 

Order Rhynchocephalia 

Members of this ancient order have lost the tabulars and interparietal of 
the Thecodontia whUe retaining the large parietal foramen, in which, in the 
living form, the non-fimctional median eye (p. 546) can still be made out. 
There is no antorbital foramen. The group, although apparently never very 
large, was once widespread. It is known from the Middle Trias (e.g. Hypero- 
dapedon, Rhynchosaurus) of Africa, Europe, Asia, and the Americas. The sole 
living representative of this group, Sphenodon (Fig. 331), is the lizard-like 
Tuatara, which grows to about 2 feet long and has well-developed pentadactyle 
limbs adapted for walking. A nearly identical- animal, Homoeosaums, has 
been found in Jurassic rocks. The survival of Sphenodon in New Zealand is 
probably due to the absence of terrestrial mammals (induding Man) until 
comparatively recent times. Today Sphenodon is restricted to coastal islands 
where it burrows into the soft soil, emerging particularly at night. It is 
rigidly protected by law. The anal opening of Sphenodon is transverse. 
There are no ‘ hemipenes ’ (p. 550). The vertebra a mphicg dggs, and inter - 
cent ra are presen t. T*he ribs are^ingle-headed and have uncinate proces^. 
There is a anA abdmn^|l ri^ teeth are a CToS^." Thi lung s, 

yd resemUe &ose of Squa m ata. 
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Order Squamata 

The lizards (Lacertilia = Sauiia) and snakes (Ophidia = Serpentes) are 
the most successful living reptiles. In addition, the order contains numerous 
extinct families. In general, Squamata are reptiles in whi^ the skull has 
secondarily lost either one (Lacertilia) or both temporal vamiities (Ophidia). 



‘<^-33 1 -7 Sub-class ^pidonoiia. Order Bhyndioeeslialia, Family SphanodontkUB- SpAeno- 
dofi. Ihe single surviving species of the entire order is the Tuatara, now confined to coastal 
islands of New Zealand. It grows to about 2 feet long. The skeleton retains featares clearly 
suggestiv.e of an cosuchian ancestry. 

T^e surface is covered with homy epidermal scales, sometimes ivith the addi- 
tion of dermal ossifications. The cloacal aperture is transverse. There is a 
pair of eversible penes in the male (Fig. 378, p. 550). The vertebra are nearly 
always proccelous. When present, the sacrum usu^^ consists of two vcrtebrse. 
The ribs have simple vertebral extremities. The quadrate is movably articu- 
lated with the skull, and there is no inferior temporal ardh. The limbs, when 
pr^nt, are sometimes adapted for terrestrial loccnnotion and sometimes for 
swiituning (mosasaurs). The teeth are acrodont or {deurodcmt (see below). 

SUB-ORDER LACERTILIA 

Modem opinion regards the lizards as deritmtives of primitive Eosuchia 
(P* 495). an ancestry they probably diare with Sphenodon (Fig. 331). The 
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Lacertilia are Squamata in whidi the limbs are often well develcqjed. The 
mouth is c£q>able of being opoied to only a moderate extent. There are 
usually eyelids and a t3mipanum. A stemtun and an epistemum generally 
occur (Fig. 312). 

Lizards appeared in the Triassic, and have been abundant ever since, 
They include the Gekkota (geckos) ; Iguania (not to be confused with Aus- 
tralian members of the Varanidae, the goannas), which indudes the true iguanas, 
agamas, and chameleons ; Scincomorpha (a huge group, including our selected 
t3?pe Lacerta)", Amphisbsenia (burrowing, worm-like creatures superficially 
resembling the amphibian Apoda, and of broadly similar habits) ; Anguimorpha 
{e.g. slow-worms, Anguis, which possess, as do some other lizards, bony scales 
or osteoderms); and the Plat3mota including the living Varanidae (of which 
the East Indian Komodo Dragon is about 12 feet long and the extinct Australian 
Pleistocene MegcUania attained a length of more than 20 feet), and the Gila 
Monster and Mexicam Bearded Lizard (Hdoderma). 

Of the above, the Iguamia amd Platynota are known from the Cretameous, 
and the Ardeosauridae, possibly atUied to the geckos, occurred in the Upper 
Jurassic. It should be emphasised (ais usuad) that there is ats yet no generad 
agreement as to the best method of daissifying the Lau^ertiliau 

SUB-ORDER OPHIDIA {SERPENTES) 

Snadces appear to have been derived from a lizard ancestry in Mesozoic 
times. They are Squaunata with long, naurow bodies, typicadly devoid of 
limbs. The mouth is usually capable of forming a relatively wide gape by 
the divauication of the jaws (Fig. 332). The maxillae, palatines, and pterygoids 
are freely movable. The rauni of the mandible are coimected together only 
by elastic fibres at the symphysis, amd so they cam be widely sepauated. There 
is no sepairate supra-temporad ossification. Sternum amd epistemum are 
absent. As in lizards, a lachrymal duct carries away the tears and opens into 
the mouth in close relationship with the duct of Jamobson’s orgam (p. 543). 
The middle ear is d^[enerate amd the tympamum is absent (see adso p. 144). As 
in some lizards, eyelids are replaced by tramsparent spectacles (p. 545). 

Reptiles that were possibly snakes occurred in the Lower Cretaceous, but 
the Ophidia did not become abundant until the begiiming of the Tertiary. 
Some appau^tly marine forms (e.g. Paleeophis) occurred in the Eocene, and 
large constricting snadces like the modem Iwais amd p3^hons aue also found in 
deposits erf this aige. The Colubridae (see below), containing the majority of 
smaller, haTml«»aa types («.g. grass-snakes), did not expand until the Oligocene. 
The fang e d , voKunous types ame only certadnly identified from the Miocene 
onwauds. The vemnnous and Vipericte (including the rattlesnakes) 

are first seen as reoeirfly as the Miocene-Pleistocene. 

As regaods iiMidem sinpents, the sub-order Ophidia includes the Boidae 



ZCX)LOGY 


498 

(often laige, non-venomous, pythons and boas) ; Typhlopidse (small, blind, 
non-venomous, worm-like burrowing reptiles); Leptotyphlopidae (possibly 
allied to the above) ; Ilysiidae (harmless, burrowing snakes) ; Uropdtida 
(harmless, burrowing snakes allied to the foregoing). (Most of the above have 
vestigial hin d-limbs.) Xenopeltidae (containing a single genus, Xenopeltis, 
from south-east Asia) ; Colubridae (the great majority of living snakes divided 
into two groups — the harmless Aglypha, without grooved teeth, and the 



Fig. 332.— Sub-class Lepidosauria* Order Sqnamatat Sub-order Ophidia, Family Viperidse. 
CroialuH* Rattlesnake, showing wide divarication of jaws during a stabbing strike. Rapidity 
of attack (like their speed over the ground (p. 521) is grossly over-rated: the present species (C. 
viridis) was timed to strike at 7I feet per second. Note terminal caudal * rattle ' (see also Fig. 369, 
P< 534)* (From a flashlight photograph by Van Riper.) 


venomous Opisthoglypha, with one or two enlarged grooved poison ^gs) ; 
Micruridse = Elapidse (sometimes thought to be Colubridae and including the 
venomous cobras, true coral snakes, mambas, kraits, and the Australian black 
and tiger snakes, death-' adder’, and many others) ; Hydrophidae (venomous 
sea-snakes with valvular nostrils and vertically compressed, rudder-like tails) ; 
and Viperidse (venomous vipers or true adders, and also rattlesnakes, with 
poison fangs in mobile maxillary bones which allow the teeth to swing, and lie 
parallel with the roof of the buccal cavity when not in use). 

The affinities of the different families of snakes are not sufficiently well 
known to justify segregating them in larger groups of super-familial rank. 
The rattlesnakes are sometimes accorded sub-family sank (Crotalinse), and the 
P5dhons are often separated from the boas as the P5rthoninaB. 


SUB-CLASS ARCHOSAURIA 

The members of this group are diapsids (p. 484) without inter-parietal, 
tabular bones, or a parietal foramen. They are probably all descendants of 
Thecondontia (see below). The archosaurians form an assembly of reptiles 
which differ widely from the lepidosaurian Eosuchia, Rhynchooephalia, and 
Squamata already considered (p. 495). Some were Inpedal and exhibited 
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correspondingly striking modifications in the limb girdles. The hind legs were 
longer, and more powerful, than the others and were slimg vertically below 
the body. The palatal teeth were lost in ail but a few primitive forms. Son^ 
forms became toothless with the adoption of an almost certainly homy beak. 
Xhere was a vacuity on the outside of the lower jaw between dentaiy, subangular 
and angular, and almost always an antorbital vacuity in front of the orbit. 

Of this great and widely varying assembly of reptiles only the Crocodilia 
and the birds survive today. The osteology of modem crocodiles, together 
with Jurassic bones, leaves no doubt as to their relationships (p. 461). 

Order Thecodontia 

The thecodonts of the sub-order Pseudosuchia (e.g. Ornithosuchus, 
Euparkeria) arose in the Triassic. They were small carnivorous reptiles 
possessed of long, slim skulls and sharp teeth in sockets along the jaw-edges. 
The hind-legs were the longer pair, and possibly indicated the dawn of bipedal 
gait. Many pseudosuchians possessed a dorsal protection consisting of rows of 
curious bony plates (e.g. Aetosaurus). 

The Triassic thecodonts of the sub-order Phytosauria (e.g. Phytosaurus, 
Mystriosuchus) are of special interest in that they had become aquatic, and 
developed, before the tme crocodiles evolved, many features diaracteristic of 
that group to-day. This convergent evolution is illustrated by the elongated 
skull, the formidable array of stabbing and holding teeth, and the general 
‘ crocodilian ’ form. The external nostrils were sometimes set above the skull 
level, enabling the animal to breathe with nearly all of the body submerged, 
but, unlike in Crocodilia, they were posteriorly placed near the eyes. 

After flourishing briefly, the phytosaurs were exterminated before the 
beginning of the Jiurassic coincident with, and possibly in consequence of, the 
rise of the Crocodilia, a strikingly successful collateral amphibious line. 

Order Crocodilia (Loricata) 

The amphibious crocodiles, alligatom, and their allies are the largest living 
reptiles and the only remnants of a once-widespread archosaurian stock 
that survived the Mesozoic. They seemed to be descended from Triassic 
thecodonts and, in fact, preserve a few primitive features relatively unchanged. 
Reptiles that were probably crocodiles have been found in Triassic deposits 
(Protosuchia) and unmistakable crocodiles, representing various side-lines, 
were common in the Cretaceous. The sub-order Eusuchia, in which modem 
forms (Fig. 333} are placed, dates from this period (p. 3). 

The general features of modem Crocodilia are as follows : The dorsal 
surface, or both dorsal and ventral surfaces, are covered with rows of sculp- 
tured bony scutes. Epidermal scales are also present. The vertebral centra 
are either amphicoelous, flat at each end, or procoelous. The first caudal 
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vertebra is unique in being convex at each end. The anterior thcnacic voiebrae 
have elongated and bifid transverse processes, and to this transverse process 
the capitulum and tuberculum of the rib are both attached. The sacrum 
consists of two vertebrse. The ribs are bifid at their vertelnal ends. The 
quadrate is immovable. There is a substantial Ugena. The tympanic 
membrane is protected by two scaly flaps which are operated by special 
muscles and dose the external meatus when the reptile dives. There is a 



Fig. 333. — Sub-class AiduMKUis, Order OneodOia, Sub-order Bundlis, Family Orooodilidie. 
CroeodyluH, The Asiatic Marsh or Mugger Crocodile (C. palusiris) in characteristic basking pose 
with jaws agape. Essentially freshwater, it also inhabits salt l^oons (in Ceylon). Growing 
to a length of 13 feet, it lives on fish and occasionally birds and small animals, only rarely attacking 
Man. It is said to be capable of aestivation. From fifteen to twenty eggs are buried in sandbanks 
and hatch in about fifty days. The newly emergent young are ateut zo inches long and are at 
first relatively defenceless. (From a photograph by Lansler.) 

complicated pressure-equalising Eustadiian system. A sternum and ab- 
dominal ribs are present. The pelvis has the peculiarity of having the pubis 
excluded from the acetabulum. The limbs are adapted for walking and 
swimming. The teeth are lodged in sockets. The external nostrils occur on 
eminences at the end of the snout. These are (^>ened by a longitudiiial dilator 
muscle and closed by a constrictor musde udu^ omnifletely eodrdes the 
dilator and squeezes it against the back of the nostril, closing the aperture 
during submersion. The fibres of both musdes are uiistt^>ed and innervated 
from the sympathetic system (Bellairs and Shute). 
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A horizontal partition, the secondary palate, is developed by shelves vdiich 
grow out from the maxillse, palatines, and, in the later crocodiles, the pter3^goids. 
Thus the internal nares open into the throat (Fig. 138, p. 89). In life they are 
covered by a flediy valve formed by two elements. The first is a muscular 
flap of tissue which projects downwards from the palate immediately anterior 
to the internal nostrils. The second is a flap>like extension of the tongue whidi 
is supported by a hyoid process. When in apposition, the two elements form 
a valve whidi seals the internal nares and enables the animal to breathe, with 
jaws open beneath the surface, so long as the tip of the nose is exposed to the 
air. This power to breathe through the relatively restricted surfaced part of 
the animal enables it to lurk almost completely hidden and to seize unsuspect- 
ing prey. Further, a crocodile can submerge with its jaws holding struggling 
prey without being in danger of flooding its nose or lungs. 

The Salt-water or Estuarine Crocodile {Crocodylus porosus), common in the 
north-west Pacific, India, and Southern China, is especially deadly to Man. 
It grows to a length of 25 feet, and like other species, has a remarkable facility 
for suddenly thrusting the anterior third of its body swiftly up out of the 
water to seize an incautious man or beast. 

The lungs of crocodiles are relatively complex. Further, the ventricle of the 
heart is completely divided in recent forms, but there are only two aortic arches. 
The pulmonary artery and left aortic arch come from the right ventricle into 
which venous blood flows from the cavals and right auricle. The right aortic arch 
arises from the left ventricle. The two aortae are applied together and twisted ; 
but no mixing of blood occurs through a joint opening, the foramen of Panizzi 
(White). (We will see later that the pulmonary and systemic sjrstems of birds 
have become completely separated by the abortion of the left arch (p. 589).) 

The opening of the cloaca is elongated in the direction of the long axis 
of the body. There is a median erectile penis grooved for the passage of 
semen. A clitoris occurs in the female. 

This order includes among living forms the true crocodiles, the gharials, as 
well as the alligators and caimans. Many extinct families have been recognised. 

In some countries there is considerable, and often acrimonious, dispute as 
to whether the local animals are crocodiles (Fig. 333) or alligators. A key for 
generic identification (after Watson), based on characters of the head and skull, 
is given bdow. 

I. Snout very long and slender ; the halves of the lower jaw fused in front 
as far back as the Z5th tooth. 

(a) 27-29 teerii <m each side of the upper jaw. GaviaUs (the gharials of 
N. IncMa). 

(J) 20-41 teeth cm each side of the upper jaw. Tomstoma (the folse 
of Borneo and Sumatra). 
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II. Snout triangular or rounded ; the halves of the lower jaw not fused 
farther back than the eighth tooth. 

(a) The fourth tooth of the lower jaw fits into a notch in the side of the 
upper jaw. Crocodiles. 

{i) Nasal bones dividing the nasal aperture into two. Crocodylus 
(Africa to south China, northern Australia, New Guinea, and 
western Pacific; southern United States to Venezuela and 
Ecuador). 

(2) Nasal bones not dividing the nasal aperture ; snout turned up 

in front. Osteoltemus (W. Africa). I 

(3) Nasal bones not dividing the nasal aperture; snout not turned 
up. Osteoblepharon (Congo). 

[b) The fourth tooth of the lower jaw fits into a pit in the upper jaw. 
Alligators. 

(1) Nasal bones dividing the nasal aperture. AlUgaior (southern 
United States and south China). 

(2) Nasal bones not dividing the nasal aperture. Caiman (tropical 
South America). 

Along with the tendency to assert that any da^erous crocodilian is a 
'gator’, there is an equally ridiciilous belief among*^ractical men’ that in 
crocodiles the upper, and not the lower, jaw is hinged on the cranium. 

As regards size, only the Salt-water (see above) American (C. aculns), Orinoco 
(C. intermedius), and Indian Gavial (Gavialis gangeticus) have been proved to 
exceed 20 feet. The biggest Alligator {Alligator mississippiensis) is about 20 
feet long, yet is harmless. The Nilotic Crocodile (C. niloticus), likeC. porosus, 
is known to kill Man. The biggest scientifically recorded Nilotic Crocodile was 
only 16 feet long but more massive examples have undoubtedly been shot by 
hunters. An American Alligator has lived to the age of fifty-six years. 

Order Pterosauria (Pterodactyla) 

The Pterosamia were toothed and tailed flying reptiles in which the skeleton 
was modified in a manner analogous to that of the birds. In some later 
forms the teeth were absent and seem to have been replaced by a beak. 
The bones were thin, light, pneumatic and cross-strutted like thoM of many 
birds (see Fig. 387, p. 572). The fore-limb became a wing in which the fourth 
finger was greatly elongated and supported a membranous patagium. The 
first three fingers were small and clawed, and the fifth was absent. The carpus 
was reduced, but had a spur-like sesamoid bone added to it. Though the 
stenuun was large, keeled, and well ossified, clavicles and interdavide were 
absent. The pelvis had pubic bones which joined one another. The hind- 
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limbs were pentadactyle and rather weak, the fibula being reduced or 
absent. The skull was pointed and elongated, sometimes to an exaggerated 
degree. Brain-casts take a generally similar form to those of birds : the 
cerebellum was well-developed and the paired anterior parts associated with 
olfaction seem to have been reduced as in flying animals in general. The 
external nares were placed far back. The antorbital vacuity was large, and 
the eyes bordered with sclerotic plates. There was no parietal foramen. The 
head was supported at a right angle on a long neck of eight or nine procoelous 
vertebrae. 



Fig. 334. — ^Sub<lass Anihouniia, Order PteRNHUUia, Sub-order PterailaolyloiilM, Family 

PtenmodOBtito. PtertmoOon. A txiothless giant of the Cretaceous, with a wingspan of up to 27 
feet (see also Fig. 330, p. 493). On the other hand, Pterodaetylus and certain other geam were 
iitUe Mgg M- than spuiows. For a member of the second sub-order (Rhamphorhynchoidea) see 
Fig. 414, p. 599. (From Romer, after Eaton.) 

There hats been no general agreement concerning the origin of flight (p- 602). 
It has been suggested that these smimals probably first volplaned from emi- 
nences or, on the other hauid, may have made gliding leaps while rurming at 
speed on their powerful hind-legs. The spade-like sternum and pectoral girdles, 
though substantial, certainly do not convey the suggestion of a musculature 
sufficiently powerful to support flight, as developed in birds, or even the bats. 
It is probable that the pterosaurs were essMitially gliders, and it is not im- 
possible that many wwe marine animals which used air-currents to skim over 
the waves in a manner si milar to that of the petr^. Their general structure 
makes it a pp*^** that they would have the greatest difficulty in becoming air- 
borne after landing, but that they could hang efficiently to diffs or trees by 
means of their fingers (Fig. 334), or perhaps upside down, like bats, by their toes. 
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The wing-membranes were supported essentially by one hugely ekmgated 
finger (Fig. 330). This suggests that they could not have existed efiiciently 
among trees, for, if its poorly supported membrane were badly tom, a pterosaur 
would be unable to fly. A bird, on the other hand, can be severely battered and 


lose many feathers without being grounded; and the membranes of a bat, sup- 
ported by several fingers, can be holed or even tom and yet the animal still 
can fly. Some pterosaurs (e.g. Pteranodon) had a wing-span of nearly 27 feet ; 
others (e.g. Pterodactyls) were little larger than canaries. It is difficult to 
believe that these flying reptiles w'ere not homoeothermous to a fairly consider- 
able degree, but in any case they faded, possibly as a result of competition 
with the emergent true birds, at the end of tlie'Mesozoic. | 



\ 

335- — ^Bbiunphor* 
hSfiidlioidea: Skull and den- 
tition. ScaphogneUhus, D. 
pre-orbital aperture; Ft. 
frontal; Ju. jugal; Mx. 
maxilla; N, nasal opening 
Pmx, premaxilla ; Qu. 
quadrate. (After Zittel.) 


The group flourished during the Jurassic and Cretaceous. There were 
two sub-orders : Rhamphorhynchoidea and Pterodactyloidea. 

The Rhamphorhynchoidea were characterised by a long tail which was, 
in some species at least, terminally dilated by free caudal ribs; and by the 
possession of a fifth toe on the hind foot (examples: Rhamphorhynchs (Fig. 
4 ^ 4 - P- 599 )» Dimorphodon). 

The Pterodactyloidea had an extremely reduced tail, no cervical ribs, and 
an incomplete fifth toe. Some forms were edentulous. Examples were: 
Pterodactylus, Scaphognaths (Fig. 335) ; Pteranodon, a toothless form with a 
curious balancing (or steering) backward prolongation of the head (Figs. 330, 
334) and Ornithodesms. 


DINOSAURS 

Among the archosaurians were also the fantastic Mesozoic creatures some- 
times referred to as the ' Order ’ Dinosauria. These are readily divisiWe by a 
series of clearly marked characters into two groups, each of which ranks as an 
order. These are the Saurischia and the Omithischia (Fig. 336). 

Dinosaurs are often thought exclusively as immense ammals, but scsne 
wne no bigger than a hen. In each order existed b<rtb large and small 
rutiles. The biggest were the most masdve anim^ia «v«r to most on land : 
the bulk of the largest dinosaurs has been ermeeded only by d>e bigg*®f 
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modem whales. Both dinosaur groups showed great variation and extreme 
specialisation in many respects. 

Order Saurischia 

Saurischians possessed a triradiate pelvis (broadly similar to that of the 
ancestral thecodonts) which was basically distinct from the bird-like arrange- 
ment (Fig. 337) that arose in the Omithischia (p. 507). In the skull there 



— Sub-class Arohosattria: (Orders Saurischia and Oimthisohia). Left: Tyrannosaurus, 
a carnivorous saurischian from the North America Cretaceous which was about i8 feet high and 
some 50 feet long. Right: Iguanodon, a herbivorous ornithischian of the Kuropcan Cretaceous 
which reached a height of about 14 feet. The two primary dinosaur stocks are widely divergent, 
a fundamental differentiating character being the structure of the pelvis (Fig. 337). Saurischians 
were primitively carnivorous, although some became quadrupedal and herbivorous (Fig. 339). 
Omithischians were primarily herbivorous, and remained so until their extinction. S^me 
became armoured quadrupeds in the Cretaceous, Other divergent archosaurian stocks are the 
pterosaurs (Fig. 334), crocodiles (Fig. 333), and birds (Fig. 414, p. 599). (Partly after various 
authors.) 


were two, or one, antorbital vacuities, which were often very large. Teeth 
were present on the premaxiUae. There existed two saurischian sub-orders — 
the Theropoda and Sauropoda. 

SUB-ORDER theropoda 

Included in this group were the earliest true dinosaurs. Appearing in the 

Triassic, these wwe relatively small, slender, hollow-boned reptiles which 
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r the elongated taU) reached a length of not more than xo feet. 

^fit^tberopods%.g. Omitholestes) were long-necked and bipedal, with the 
tail counterbalancing the body. The hands and smaU fore-limbs were used in 



Fig. 337.— DiiiOHHin: Pelvie 
■traotme. Typical repti. 

Han triradiate hip ginlle of Sauh. 
schia. Right: Typical tetra. 
radiate, bird-Hke, girdle of Orni- 
thischia. ac, acetabulum; u, 
ilium; isc. ischium; \p, pubis. 


food-gathering: they were carnivorous, with gaping ja>^ and many sharp 
teeth. 

From the above may have developed the omithominid ostrich-dinosaurs 
(e.g. Strtdhiomimus) which appeared in the late Cretaceous. These swift, 
bipedal reptiles retained the hollow bone structure. They had enlarged fore- 



Fig. 338. — Smxifdiia: Axial alwietoa. Vertebral cohimn and pdvis of Tyrwmos»unu. The 
massive vertebral column, pivoted at the open acetabnla, was slung between Uie opposite halves 
of the pelvis. In the sitting pose the main weight (total up to so tons) was probably transmitted 
through the strong pubic column and its expanded ‘shoe'. The cervical vertebne are shortened, 
crowded, and curved upward, and so shorten the adverse levesage against the pdvis in carrying 
the huge head (Fig. 336). (From Gregory, after Osborn.) 


limbs, but the reduction in both number and size of teeth, and the. development 
of both jaws into a superficially beak-like structure, sug^iest a diange to a less 
restricted diet. 

Meanwhile there arose collaterally the great camosaurian dinosaurs — ^big- 
he^ed, with wide gaping jaws equipped with Imig, stablung, and tearing teeth 
Mdiich were sometimes recurved. These (e.g. Tyrainwuairus) 338) finally 
readied a length of about 50 feet, stood perhaps so fed ai^d fed on con- 
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temporary heririvorous dino^nrs. The disproportionally great size of the 
head (more than 4 fwt long) was offset by the development in the skull of a 
remarkable faiestration which reduced weight and yet still provided anchorage 
for the powerful masticatory musculature essential to the animals’ feeding 
habits. The camosaurian neck was short, and the fore-limbs abbreviated and 
relatively minute. Those of Gorgosaurus (a reptile about 30 feet long) were 
unable to reach the mouth and were reduced to two digits that were probably 
useless for dealing with prey. The body was bulky and the tail elongated and 
of many vertebrae. The bones of the hind-legs were massive and obviously able 
to support several tons, and supplementary sacral vertebrae were attached to 
the pelvic girdle. These animals were extinguished at the end of the Cretaceous, 
possibly owing to the disappearance of their large herbivorous prey. 

Meanwhile, yet another therapod group arose during the Triassic (e.g. 
Yaleosaurus, Plaieosaurus) and ultimately, it is believed, gave rise to the next 
group. 

SUB-ORDER SAUROPODA 

These reptiles (e.g. Apatosaurus, Diplodocus, Brachiosaurus (Fig. 339)) were 
probably the largest and heaviest of all land animals. They grew to a length 
of more than 80 feet and weighed probably as much as 50 tons. The stock 
arose in the Jurassic. The saun^>ods were quadrupedal and herbivorous. 
They had small skulls and teeth, weak jaws, and elongated necks and tails. 
The brain was inordinately small ; it would seem that the biggest dinosaur 
had a brain only 6 inches long. Spinal enlargements for the relay of impulses 
occurred often in the brachial region (between the shoulders) and alwa3rs in the 
sacral region. The latter centre was many times bigger than the brain (see 
also Fig. 342). In these dinosams, too, temporal fenestrae lightened the cranium. 
In addition, the huge dorsal vertebrae were made ffss heavy by cavernous 
hollows in both centra and auches. These vertebrae wei? also produced into 
long spines to which supporting %aments and tendons y^®re presumably 
attached. The limb-bones were stout and non-pneumatic, bu* despite their 
strength thoe is much reason to believe that the biggest saurqpoCkS could not 
support their tmnendous bulk on dry land. 

It seons probable that the sauropods were swamp-feeders (Fig. 339 )- 
Little is known of their precise mode of grazing, but it is obvious that they 
needed a constant and tremendous harvest of lu^ pasture to support their 
prodigious bulk. They must have been highly vulnerable to any widespriead 
climatic change towards aridity. 

Order Ornitrischxa 

The ‘ bird-like ' ^osaurs possessed a pelvis (essentially like that retained in 
ii^odem bin^ (p. 578)) in. whu^ the pubis lay paraUel with an extended ischium 
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(Fig, 337). In the skull the antorbital vacuities were always small, and some- 
times obliterated. One of their most noticeable characters was the possession 
of a ‘ predentary ’ bone in the mandible that may have supported a homy beak. 
As a result, the teeth on the premaxillse and on the front of the lower law 



Fig. 339 — DinoMon: SevintoiT adaptottont in nntelated bottom-leaden. Left: The 
ornithopod Parasaurolophns (Family Hadrosauridae Trachodontidse) of the North American 
Cretaceous. The grotesque crest, formed by an extension of nasal and premaxillary bones, con- 
tained an air-chamber of considerable capacity, perhaps enabling the animal to keep its head 
submerged for prolonged periods of bottom grazing. Right: The sauropod Brachiosaitrus 
(Family Brachiosauridas) of the African and North American Jurassic. An ally of Apatosaurus 
(=: Brontosaurus), this is perhaps the biggest terrestrial animal that ever lived, reaching a prob- 
able bulk of some tons. The nostrils had shifted to an eminence at the top of the head, 
enabling the animal to breathe with only a small portion of its bulk exposed. (I’artly after 
Colbert.) 

became suppressed. All the Omithischia were herbjvorous and they fall into 
the four following sub-orders ; 

SUB-ORDER ORNITHOPODA 

These were bipedal, digitigrade forms with a complete and slender post- 
pubis, and a small antorbital vacuity. Abundant in the Upper Jurassic and 
Lower Cretaceous (e.g. Camptosaurus, Iguanodon (Figs. 336, 340)) they grew to 
at least 30 feet long. An edentulous beak and broad (sometimes spatulate) 
teeth occurred in the very early types, suggesting that the omithopiods were 
herbivorous almost from their beginnings (Fig. 341). Despite their name, 
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the eariy omithopod foot was not neariy as bird-like (in the passerine sense) 
as that of the theropods (p. 505) — their feet had four toes, anteriorly directed. 
Another rdativdy primitive omithopod was the U^Jer Cretacebus Hypsikh 
phodon, a small, posably partly arboreal, dinosaur about as big as a wallaby 
and superficially not unlike one in certain of its features. 

The primitive omithopods gave rise to two far more specialised types — ^the 
large hadrosaurs, or ‘duck-billed dinosaurs*, were one of these. The hadro- 
saurs became exceedingly common in the Upper Cretaceoris by means of 
efficient aquatic specialisation. They are well known : many excellently 


Fig. 340. — OtnHhisehia; Endoikatoton. 

Ignanodon (Fig. 336) was a bipedal 
vegetarian that probably roamed Europe 
in herds during the Cretaceous. Associated 
skeletons of nearly thirty of these animals 
which seem to have fallen into a crevice 
have been discovered in Belgium. The 
terminal phalanx of the thumb is special- 
ised into a defensive bony spike. Note 
arrangement of pelvic elements (see Fig. 
337). CO, coracoid; is. ischium; p. pre- 
pubis; pp, post-pubic process (pubis); 
sc, scapula; I — IV, / — V, digits. (From 
Zittel, after Dollo.) 



preserved remains have been found, including even 'mummies' in which 
petrified skin and foot- webbing is preserved. The hadrosaurs (e.g. Anato- 
saurus = Trachodon, Edmontosaurus) had long, toothless beaks, posteriorly 
placed nostrils, and crowded in the jaws, as many as 2,000 small, grinding 
teeth arranged in parallel rows. Certain genera (e.g. Corythosaurus, Krito- 
saurus) developed peculiar bony crests by alteration of the premaxillary and 
nasal elements above the nasal region. 

The great spatulate beak and the enormous battay of grinding teeth 
suggest that the hadrosaurs obtained their food by grovelling in the mud for 
vegetable material. In several species it has been possible to follow the internal 
passages from the external nostrils, and there are indications that they 
passed in a loop through the grotesque crest before reaching the int^nal nares. 

by no means unplausible suggestion has beat m»le that the dome-like 
osseous ‘ combs ' may have been pneumatic in function and allowed their 
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p()ssessois to grovel underwater, and so exploit a special niche — the swamp, 
bottom — ^more fully than would be otherwise possible. 

The troddonts, another specialised and aberrant, otnithopod stem, were, 
in wide distinction from the hadrosaurs, probably exchisivdy dry-land forms 
(e.g. Troddon of the Upper Cretaceous). They had an axial skeleton very 
similar to that of the camptosaurs (p. 508), but their skulls were extremely 
specialised in the possession of a solid dome of bone (much of it derived from 
the frontals and parietals) often produced into knobs and spikes. The most 
likely explanation for this bizarre armoury so far offered is that it may have 
been used as defensive, armoured battering yam against the often .far larger, 



Fig. 341. — ^Diaossim: Dentitkm of uanUtod herhivoxw. A, inner aspect of a crown from 
right lower jaw and B, hinder aspect of tooth from left lower jaw, of Iguanodan, an ornithopod 
(see Fig. 336). C, Tooth of Cetiosaurus, a sauropod (see Fig. 339). All natural size. (From 
B. M. (N.H.) Catalogue.) 

contemporary, predatory dinosaurs with which the non-aquatic troSdons had 
to contend. Perhaps it deterred aggressors with a sudden, intimidating charge 
such as is employed by the modem rhinoceroses. 

SUB-ORDER STEGOSAURIA 

The stegosaurs (e.g. Stegosaurus (Fig. 342)) were slow-moving, essentially 
Jurassic (including Liassic), reptiles which grew to a length of about 25 
They were quadrupedal, but the fore-limbs were the shorts pair. The skull 
was small, and the brain tiny and omsideraUy snudler (as with the Sauropoda, 
P- 507). than the lumbar spinal enlargement. The ha^, nedc, body, and tail 
were protected by a double series of huge, flattened, gmmally triangular and 
vertical spines and plates, particularly above the lumbar and pdvic regions- 
The tails of these extraordinary monsters were armed with two pairs frf formid* 
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able spikes, smally and sub-terminally placed, apparently converting the 
appendage into a damaging, lashing weapon which may have protected the 
unarmoured flanks. 

Other stegosaurs were Scclidosaurus of the early Jurassic, and KeftlfUfth 
sanrus which flourished just before the Cretaceous. 

SUB*ORD£R ANKYLOSAURIA 

These, too, were heavily armoured but quite differently and more exten- 
sively so ; in fact, only the chelonians (p. 486) have developed a more complete 
protection. They (e.g. Ankylosaurus, Nodosaurus) lived in the Cretaceous, 



Fig. 342. — ^Diiiofaiiii: Bniki, ipiiial enlai^ nis and hyponhysif. in the herbivorous omi- 
thopod SiegosatiTus the brain (arrowed) was small compared with the brachial enlargement of the 
cord and a mere i/20th of the bulk of the sacral enlargement. The latter was involved in the 
control of the hind -limbs and the powerful armoured tail, which probably lashed defensively at 
contemporary carnivorous Sauxopoda. The inset shows the relatively large size of the pituitary 
body (see p. 149) in relation to the brain of a troddont (Omithopoda). Although Stegosaurus 
and similar t3rpNes could exist with a brain about the size of tlmt of a kitten, the pituitary, concerned 
with manifold body functions including growth, was large. (Modified after Colbert.) 

and were slow-moving quadrupeds with short, broad skulls (with dosed tem- 
poral regions) in which the basic elements were reinforced with an additional 
plating of polygonal bones. The dorsal surface of the body was protected by 
a mosaic of small osseous plates and the short, stout legs were guarded by 
projecting dioulder spines. The tail, too, was surrounded by bony rings, and 
sometimes armed with dongated sj^es. The anal<^ between these animals 
and the eariy, heavy, tanks of the First World War is inescapable. 

SUB-ORDER CERATOPSIA 

By the end of the Cretaceous, the so-called dinosauiian age was drawing 
fo a dose with the devdq^ent one of the most interesting groups of all, the 
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ceratopsians or homed dinosaurs* These were quadmpedal forms with huge 
skulls, bony horns, and a great protective, sometimes solid, sometimes fenes* 
trated, mantle of bone formed by grotesque prolongations of the parietals and 
squamosals over the neck. Among these was Triceratops, which grew to a 
length of about 20 feet. The skull may have accounted for almost one-third 



Fig. 343.— Sub-class Synapsida, Order Peljooiaiiria, Family Sphenacodontite. Dimeirodon. 
Pelycosaurs represent a very early stage in the development of the mammal-like reptilian trend. 
Dimetrodon was about 1 1 feet long, and was perhaps one of the commonest Permian carnivores. 
The function of the grotesque ‘sail’ (supported by elongated vertebral spines, Fig. 344) is obscure. 
It probably occurred in both sexes. There have been suggestions that it was a thermoregulator; 
others have variously considered it to be 'protective', or a warning, device or merely 'a heredity 
maladjustment*. The persistence of the sail in two divergent, successful stocks argues in favour 
of function. The dagger-like anterior teeth were perhaps adapted to a fish diet. Edaphosattrus, 
about the same size, had an armoury of stubby teeth both in tfic jaws and on the flat upper and 
lower masticatory plates that lay within its buccal cavity. 


of the total length of the animal. It was sometimes surmounted by paired 
horns (of a character curiously akin to that of to-day’s ungulates, p. 841) and, 
in addition, a median nasal horn. 

These animals were abundant about 60 million years ago when, excluding 
only the stegosaurs, each major dinosaur group still survived. All, however, 
apparently disappeared with a startling abruptness, geologically speaking, by 
the beginning of the succeeding Tertiary (p. 3). 
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SUB-CLASS SYNAPSIDA 


The Synapsida were widespread, often manunal-like reptiles with a single 


lateral temporal vacuity primitively lying below the 
postorbital and squamosal. The brain-case was high and, 
as a result of the broad supraoccipital, the inner ear was 
placed low down. The teeth in the more advanced forms 
were usually heterodont. The lower jaw was flattened 
from side to side instead of being rounded in section, and, 
except in the most primitive members, the dentary was 
relatively large. There were always a coracoid and pre- 
coracoid in the shoulder-girdle. This condition has per- 
sisted in monotremes (p. 699), but in other extant mam- 
mals only the posterior of the two coracoids remains. 

ITie synapsids dominated the land fauna of the 
Permian and much of the Trias. They are found abund- 
antly in some deposits in North America and South 
Africa, and are known also from South America, East 
Africa, India, Central Asia, Russia, and Europe. Re- 
mains of the earlier types (pelycosaurs) (Fig. 343) occur 
mainly in America, and those of the more advanced 
forms (therapsids) in South Africa and Russia. 

The group is especially interesting because it shows 
the various stages by which the mammals evolved from 
the earliest reptiles. 

Order Pelycosauria 

The pelycosaurs, the most primitive members of the 
sub-class, occurred in the Upper Carboniferous, and 
especially in the Lower Permian. Some members, such 
as the small, long-tailed Varanosaurm, differed from the 
captorhinomorph cotylosaurs only in haxnng the temporal 



Fig. 344.— Fdyeo- 


vacuity. Others had become specialised. Dimetrodon Miiria; Vwtolnaliwm#; 
, , f . • . Oneof asenesof ‘sail 

had enormously elongated neural spines to its vertebr® supports in Eda- 

(Pjg- 344). These are believed to have been connected 

by skin and to have formed a huge ‘ sail ’. Dimetrodon which only dorsal rem- 

>vas more than lo feet long and had dagger-shaped stab- lacking in Dimetrodon 

bing and holding teeth. Other pelycosaurs were adapted 

fo a vegetauian diet (e.g. Edaphosaurus). The pely- (From B.M. (N.h.) 

cosaurs, like the cotylosaurs, had relatively short limbs 

<hvd a spra wling gait, but the remaining orders carried the body higher and 


were probably much mmre active. 
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Order Therapsida 

The therapsids were a varied and successful group of reptiles which have 
been claimed almost to bridge the 'entire evolutionary gap between a primitive 
reptile and a mammal’ (Romer), The pelycosaurs showed relatively little 
advancement from the cotylosaurs (see above), but among the present group 
many maminalian diagnostic features (as far as hard parts are concerned) are 
present, even though the elements of the lower jaw had not been reduced to 
a typical dentary (p. 652). The teeth, however, were diversified into incisors, 
canines, and, in the later types, multi-cusped cheek teeth. In advanced types 



Fig. 345. — Sub-class Syupsida, Order Thmpaida, Sub-order Sieynodootia, Family Dioyno- 
dontidfle. Kannemeyeria. A Lower Jurassic survivor of the dicynodont trend that appeared in 
the Middle Permian and became extremely widespread and plentiful at the end of the Palaeozoic. 
In general, these creatures may have been herbivorous swamp-dwellers. Kannemeyeria was 
about 6 feet long. Others were much bigger (skull 3 feet long) and many were very small (skulls 
few inches big). This group (and the Pelycosaurs) represent two of the several mammal-like 
trends that appeared early, yet were extinguished. (After Pearson.) 

the occipital condyle had become double. The pineal eye had disappeared, 
the temporal opening had grown bigger, and the quadrate and quadratojugal 
had been reduced. A secondary pialate was sometimes present. The limbs 
in the higher forms were already suggestive of thelnammalian pattern of the 
future. As will be seen below, there were other features that suggest that the 
mammals were derived from carnivorous reptiles of the therapsid stem. 

Included among the order are the sub-orders Dic3modontia and Therio- 
dontia. The former were for a time the most successful S3mapsid order, being 
found in extraordinary abundance from the Middle Peixnian to the Lower 
Trias and surviving until the Middle Trias. T}qacally they were of a heavy 
build, varying from i to 7 or 8 feet in length (Fig. 345). Their skuU was very 
^Jcciahsed, having huge temporal fossae, T-shaped squanaosals, and small 
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quadrates. In the majority the dentition was reduced to a pair of canines 
(which were sometimes confined to the males) and the jaws were covered by a 
homy beak. The post-cranial skeleton was very mammal-like though clumsy. 
There was an acromion process on the scapula, the precoracoid was exclud^ 
from the glenoid cavity (Fig. 34 ^) > the ilium was considerably dongated, and 
the number of phalanges had been reduced from the reptilian number of 
23453 fo mammalian 23333. Dicynodon was the commmiest genus 
with about seventy species. Lysttosaurus, which occurred abundantly in the 
Lower Trias, had the snout elongated and turned down and was probably 
aquatic. Several genera, such as Endothiodon and Esoterodon, kept post- 
canine teeth and one form, Eutnantellia, had incisors. 


Fig. 346. — ^DtaynodoBtia: Peo- 
toralgWUe. Ventral aspect. CL. 
clavicle; CO, coracoid; ICL. in- 
tcrclavicle; PCO. precoracoid; 
SC. scapula; ST. sternum. 


The third sub-order, the Theriodontia, were almost certainly ancestral to 
the mammals, those of the cynodont group, in particular, approaching the 
mammalian organisation. They are found from the Middle Permian to the 
Upper Trias, and are known from Africa, South America, and Russia. The 
group showed considerable variation in size. Some forms were less than a foot 
in length; others were the size of a lion. The majority were carnivorous or 
insectivorous, but some of the later members may have been herbivorous. 

The evolutionary changes of the theriodonts show the gradual appearance 
of those characters which are t3/pical of the mammals. In the skull (Figs. 347 
and 348) the temporal vacuity was enlarged by the reduction and loss of the 
postfrontals. A secondary palate was formed by the outgrowth of a shelf 
from the and palatines. The basioccipital was reduced and paired 

exoccifutal ccmdyles w»e formed. Also, the epipterygoid (columella cranii) 
expanded to form the mammalian alisj^enoid. In the lower jaw the doataiy 
increased steadily in size until the post-dentary bones were very small and 
almost hidden in outer view. At the same time, a distinctly mammal-like 
coronmd pi!ocem .wasdevel<q)ed. The teeth of the early members were simple. 
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though there were enlarged canines, which in some of the big goigonopsians 
resembled the tusks of sabre-tooths (Fig. 568, p. 796). The post-canine teeth of 
the later members became specialised in a variety of wa3^, and were often very 



Fig. 347. — Cynodontis: Skull. Thnnaxodan, a Lower Triassic cynodont. Left: ventral, 
Right: dorsal view. ECPT. ectopterygoid ; EPT, epipterygoid ; F. frontal; J, jugal; L. 
lachrymal; MX. maxilla; N. nasal; P. parietal; PAL. palatine; PAR. parasphcnoid ; PMX. 
premaxilla; PC), postorbital; PRF. pre-frontal; PRO. pro-otic; PT. pterygoid; PV, vomer; 
Q. quadrate; QJ. quadrato- jugal; ST. stapes; SQ. squamosal. (After Farrington.) 



Fig. 348. — Gorgon- 
opsia: Skull. Lateral 
view in a Permian 
gorgonopsid. JU. ju- 
gal; LA. lachrymal; 
NA, nasal; MAX. 
maxilla; PF. pre- 
frontal ; PMX. pre- 
maxilla; PO. postor- 
bital ; SMX. septo- 
maxillary; SQ. squa- 
mosal. 


mammal-like. The limb-girdles approached the mammalian condition in such 
characters as the formation of an acromion process on the scapula, the great 
expansion of the ilium, and the enlargement of the primitive pubic foramen 
to fom the huge obturator foramen. The form of the limb-bones, too, ap- 
iwoached the mammalian condition, and the number of phalanges in the feet 
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was reduced to the mammalian number of 2 3 3 3 3 by the d^eneration, and 
finally the loss, of one phalange in the third toe and two in the fourth. 

There were a number of different lines of evolution within the group, but 
those are not yet fully tmderstood. The Permian Gorgonopsia (e.g. Lycanops 
(I'ig. 349)) and Therocephalia (e.g. Lyco- 
saurus) were on the whole more primitive 
anatomically than the (mainly) Triassic 
Cynodontia (Fig. 347) and bauriamorphs K 
and may have been respectively ancestral ^ - ■'■|y 

The Upper Permian and Triassic w 
Cyodontia (of the Theriodontia) were 1 TV ': 
perhaps the most mammal-like of all, and 

interesting hypotheses, suggesting that W't 

they were already warm-blooded, hairy, \ ¥(/ 

and milk-producing, have been based on / 

recently revealed structural details (see "■ ■ ■ 

Watson). CynognafAus was a predaceous •, 

wolf-sized animal with large canines and y 

cheek-teeth that bore accessory cusps: 
this dentition showed that the animal cut 

its food before swallowing. There was a _ 350 — Sub-ciMs 

^ loiidofaiuia* Family Tritylodontidn. 

secondary palate and an advancement to- Bteuothertum. This upper Triassic 

wardc the mammalian condition in ante- marmai-Se*c«id^, j^ws!* anf^d 
rior and posterior girdles and elsewhere. dentition. The ictidosaurs, ranging from 






m 




Fig. 350 . — Sub-class Syiiwida« Order 
loiidofauxia. Family Tiitylodoatidni. 
Bienofherium. This Upper Triassic 
Chinese reptile had an unmistakably 
mammal-like cranium, jaws, and cusped 
dentition. The ictidosaurs, ranging from 
Triassic to the Middle Jurassic, ^^ppear to 
^ . have been as intermediate between reptiles 

Order ICTIDOSAURIA an^ mammals as were Seymouria (Fig, 

The ictidosaurs (e.g. Trifylxkm, Bieno- 
'*»<7(Fig.3So)).sapoup-ciosedthe |£ 

gap between mammals and reptiles ' ictidosaurs could not possibly have been 
(Colbert). They diowed examples of the Sey*Aat^^^AftK?bert!r* 

mosaic evoUMon Steady discussed in re- 

^tion to S^mouna (p. 427) and Archaeopteryx (p. 600), but at the same time 
^®presented a specialised branch off the prmcipal mammalian stem. ThQr 
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retained, though in a reduced condition, the typical reptilian quadrate and 
articular: the mammalian middle ear had not arisen. However; the temporal 
opening was large and confluent with the orbit, and in general the oanium, 
jaws, and dentition revealed an unmistakable trend towards a mammalian 
condition. 

The ictidosaurs ranged from the Upper Triassic to the Middle Jurassic. 
The possibility has been suggested that the jwototherians (p. 687) on the one 
hand, and the marsupials (p. 704) and the eutherians on the other, may have 
descended from separate, though collateral reptile stems. 

( 

GENERAL ORGANISATION OP RECENT REPTIUA \ 

External Features. — In external form, as in some other respects, certain of 
the Lacertilia exhibit the least specialised condition to be observed among the 
living Reptilia. Lacerta is such a central type that the general account of that 
lizard (p. 462) applies in all the points of cardinal importance to a large pro- 
portion of the group. Modifications take place, however, in a variety of 
directions. The gape is generally wide and able to accommodate relatively 
large prey, but some lizards of specialised feeding habits have a small and 
atypical mouth. One such lizard is Moloch horridus, the Thorny Devil of 
Central Australia, which feeds on ants and has a small mouth placed beneath 
its remarkably ‘ thorny ’ head. Some lizards possess erectile frills, and dorsal 
protuberances are common. The tail region is usually, as in the example, 
extremely long and tapering; but in some groups of lizards it is comparatively 
short and thick; and in others it is depressed and expanded into a leaf-like 
form. In the aboreal chamseleons (Fig. 351) the long and tapering tail is used 
as a prehensile organ, which is coiled around branches of trees and aids the 
animals in climbing. The flying-lizards (Draco) of the East Indies have an 
astonishing skeletal specialisation which enables them to make jumping glides 
from branch to branch. Ribs are laterally developed and adapted to the 
support of paired expansible membranes. Althouid^ Draco is called a ' flying- 
lizard ’, it does not of course progress in the manno’ of a bird, bat, nor even a 
pterodactyl. 

Among limbs, those of Lacerta are typical. In the diamseleons (Fig. 
351) both fore- and hind-limbs become pr^enale by a ^)ecial modification in 
the arrangement, and mode of articulation, of the digits. The three innermost 
di^ts of the manus are joined together throughout that length by a web of 
skin, and the two outer members are similarly wnitad- The two sets of digits 
are so articulated that they can be brought against curt nnnfther with a grasping 
moyemrat analogous to that of the foot of a parrot, or d the hand of Man. 
A similar arrangement prevails in the pes, the only di^feimioe being that the 
two innermost and three outermost digits are united. Ihe lizaids CUatnydo- 
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saurus and Amphibohtrus have hind-limbs which enable them to nm on thar 
bind-feet with the forel^ entirely elevated from the ground. The tropical 
and sub-tropical geckos (Gekkota) are enabled by sucker-Uke discs on the ends 
of their toes to run readily over vertical or even overhanging smooth surfaces, 
"jliese harmless, and indeed useful, little creatures can actually leap several 



Fig. 351.— Laoaftilia: Abonmalaadhimtins ««ofliu« 
tiOOf. In Chamaleo and its allies (Chamasleonids) manus, 
pes, and tail are adapted for holding. The eyes are set 
in independently movable turrets and enable the lizard 
(which changes colour to harmonise with altered sur- 
roundings) to look in all directions without body move«> 
ment (p. 546). The sticky tongue is protrusible to a 
much gmter length than shown. The illustrated animal 
is the African C. xenorhinus, (From Johnston, flash-light 
photos and B.M. (N.H.) specimens.) 



inches upade down, capture an insect on a ceiling, and still rarely &11 to the 
floor. 

On the other hand, in some groups of Lacertilia, sudi as the blind-* worm' 
(dngMts), limbs are aitirdy absent, or are represented merely by vestiges. 
Numerous intermediate gradations exist between these and hnms (e.g 
Lacerta) wilh wdl-devdc^>ed limbs. Limbless lizards (Fig. 352) bear a veay 
close adaptive resemidance to snakes, not only in the absence of the limbs, 
also in the general form oi the body and the mode of locmnotion. The 

largest living hzard, titt Komodo Dragon {Varanus), readies a Imigth of la 
feet. ' 
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The body of a snake is elongated, narrow, and cylindrical, usually tapering 
towards the posterior end, and sometimes with, but more usually without, a 
constriction behind the head. In the absence of limbs, the beginning of the 
short caudal region is indicated only by the position of the cloacal opening. 
The fore-limbs are never represented even by vestiges, but in pythons and 
other snakes there are inconspicuous vestiges of hind-limbs in the form of 
small claw-like processes. 

Lacking functional limbs, snakes move on land or in water by the move- 
ment of spinal column and muscles. This movement pushes the sinuous body 
horizontally against the resistant surrounding, medium. Thus, mo^ snakes 
can glide through a twisted glass tube, but not through a straight onetof about 
their own diameter. A few thick-bodied snakes {e,g. boas, pythons\ vipers) 



Fig. 352. — Laoertilia: Fotsorial speoialisatioiis. Pygopus and its allies (Pygopodidae : the 
snake- or legless-lizards) live either in burrows or under rocks and vegetation. The body is 
serpentine. Fore-limbs have been lost and the hind-limbs reduced to scale-like vestiges. Some 
have lost the ear aperture and movable eyelids. The pupil is vertical (see Fig. 377, p. 547) . About 
eighteen species, ranging up to 2 feet in length, occur in Australia and New Guinea. (After Brehm.) 


sometimes progress slowly in a straight tine essentially by means of contraction 
waves which pass along the costocutaneous musculature from head to tail. 
These specialised muscles are attached to the ventral scales which engage pro- 
jections in the ground and so draw the animal along. The North American 
side-winders (Crotalus) and the Eg3^tian sand-vipeis^Ctfrastes) move over loose 
sand by means of a series of horizontal double loops which engage the earth and 
propel the animal along sideways. One of the most interesting forms of 
reptilian progression is that of the various tropical and subtropical tree-snakes. 
These are thin and elongated, making for greater distribution of weight as 
they glide across leaves and twigs from one tree to another. The Asiatic 
Chrysopdea can ascend vertical walls and tree-trunks aided by laterally- 
keded ventral scales which engage very tiny projectiems. 

The thrusting serpentine movement of a ihightaied or angry snake gives 
a much greater impression of speed than is actually achieved. Few travel at 
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more than four mites per hour. Meinertzhagen, however, r^mited that he 
‘ timed’ a ^leeding Black Mamba {Dendroaspis angustieeps) at 7 m.p.h. 

The mouth of a snake is capatde of being very widely by the free 

articulation of the lower jaw, and it is this which mainly distinguidies it from 
the snake-like lizard. Other points of distinction are the absence of movable 
eyelids in the aiake and also the absence of a t3unpanum. 

The largest living snakes are probably the Reticulated Python {Python 
retictdatus) of India and Malaya and the Anaconda (Eunectes murinus) of 
South America. The above pjrthon has been recorded to reach a leigth of 
33 feet, but specimens more than 25 feet long are rare. Remarkable stories 
have been told of the alleged length of the Anaconda. This bulky boa is the 
heaviest of all snakes, but the biggest specimen yet recorded was 25 feet long, 
and weighed more than 300 lb. The biggest venomous snake is the Indo- 
Malayan King Cobra or Hamadryad {Naia hannah), which may grow to 18 
feet. The Taipan {Oxyuranus scuteUatus) of North Australia and Southern 
New Guinea is sometimes more than zo feet long. Likewise, the giant 
South American pit-viper, the Bushmaster (Lachesis muto (Fig. 377)), and the 
green phase of the slender, semi-arboreal African Black or Green Mamba, both 
grow to about the same size. The longest sea-snakes (Hydrophidse) grow to 
a length of 8 feet, which is scarcely long enough to have given rise to the 
repeated stories of sea-serpents (p. 494). Sea-snakes, exceedingly conunon in 
some tropical waters, are sometimes extremely poisonous. Some come ashore 
in sea-weed or bask on rocks but they cannot move efficiently out of water. 

SphenodoH ( = Hatteria), the New Zealand Tuatara (Fig. 331), the only living 
representative of the Rhynchocephalia, is a lizard-like reptile with a well- 
developed laterally-compressed tail, and pentadactyle extremities, very similar 
to those of a typical lizard. The upper surface is covered with small granular 
scales, and a crest of compressed spine-like scales runs along the middle of the 
dorsal surface. The lower surface is covered with transverse rows of large 
squarish plates (see also p 496.). 

In the Chelonia (Fig. 327) the body is short and broad, enclosed in a hard 
armoured dorsal carapace and a ventral plastron. These are in most cases 
firmly united, apertures being left between them for the head and neck, the 
tail and the limbs. This armoury is formed by two components, firstly 
external hmny scutes ('tortoise-shell' of turtles) which are modified scales 
and secon<fly curved underlying bony plates. The homy and bony elements 
do not cmn^e at th^ junctions, making for added strmgth. The nedc is 
long and mobile ; the tail short. The limbs are fully developed though short. 
In some (land and fre^-water tortoises) they axe provided each with five free 
digits terminating in curved homy daws. In the turtles the digits are dosdy 
'“nted together, and the limb a^wunes the character of a 'flipper' or swimmmg- 
paddle. 'The doacal is tengitudmal. 

VOL. n 


KX 



ZOOLOGY 


522 

The Crocodilia (Fig. 333), the kigest of living reptiles, have the ixuxik 
elongated and somewhat depressed, so that its breadth is much greater than its 
height. The snout is prolonged, the neck short, the tail longer than the body 
and compressed laterally. The limbs are relatively short and powerful, with 
five digits in the manus and four in the pes, those of the latter being partly or 
completely united by webs of skin. The e3res are dorsally placed and the nostrils 
are situated near the end of the snout and capable of being closed by a sphincter 
muscle. The cloacal aperture is a longitudinal slit. The dorsal and ventral 
surfaces are covered with thick, squarish homy scales, often pitted or ridged, 
those of the dorsal surface of the tail developed into a longitudinal c^t. 

Integument and Exoskeleton. — Reptiles have no sweat-glands.! In the 
Ch elonia there occur axillary inguinal scent-glands, but little is kno\^ of the 
function of their emanations. The Kinostemidae (musk-turtles) of Ndrth and 
Central America produce an especially pervasive odour and one species is 
known as the Stinkpot Terrapin (Sternotherus odoratus). Crocodiles possess 
anal glands that give off a musky odour (into the cloaca) which is said to be 
significant in courtship. Some reptiles are able to absorb water through their 
skin to some extent. The scales of Squamata differ considerably in form and 
arrangement in different groups. Sometimes they are smooth, sometimes sculp- 
tured or keeled. Sometimes they are similar in character over all parts of the 
surface but usually there are specially developed scales — ^the head-shields— 
covering the upper surface of the head. In the majority of snakes the ventral 
surface is covered with a row of large transversely elongated scales, the ventral 
shields. In certain lizards (particularly the geckos) the scales are reduced and 
modified into the form of minute tubercles or granules. In some lizards special 
developments of the scales occur in the form of large tubercles or spines. Under- 
lying the homy epidermal scales in some lizards (scincoids) are series of dermal 
bony plates. In the integument of the geckos are numerous minute hard 
bodies whidi seem to be intermediate in character between cartilage and bone. 
The outer layers of the homy integument are non-nervous and non-vascular : 
they are dead, and gradually worn away (as are, for that matter, the outer 
cells of the human skin). Keratin is continuously produced by cells in the 
deep epidermal layers just above the vascular dermis. The keratinous cells 
may fall off piecemeal (as occurs whenever we wash our hands) or may slough off 
almost wholly or in segments, as when a snake discards its old skin. The caudal 
rattle (Fig. 332) of the various American rattlesnakes {Sistrurus, Cridalus) 
arises as a succession of up to a dozen loose, unshed dermal constrictions: new- 
born snakes possess no rattle. Its vibration, heard in some species at a distance 
of about 20 yards, may be a threat and warning device (see also p. 437)* I® 
the make-like amphisbaenid lizards the scales are arranged in ft«Tiwlar rings 
round the body and tail. 

In ad^tion to modification of the scales, the int^[uiiient <rf the dfinudeoiis 
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is remarkable for the changes of colour which it undergoes. These chai^;es are 
due to the presence in the dermis of pigment-cells which contract- or expand 
under various influences. In chamseleons, the relatively quick changes in the 
chromatophores seem to be exclusively under the control of the autmunnic 
nervous sjrstem. Nerve transection leads to a rapid darkening of the area 
previously innervated. The response in Anolis (which can change from bright 
green to dark brown) is more complex. In an illuminated bright container 
Anolis tends to become a vivid green, but goes brown in illuminated black 
surroundings. It can change from green to brown in from five to ten minutes ; 
but the reverse change takes more than twice as long. Such quick changes 
do not occur in blinded animals, though there is evidence that a primary 
response operates extra-optically. There is experimental evidence that in 
several species hormones from the pituitary gland form an important inter- 
mediate link between exteroceptor organs and chromatophores. H3q)o- 
physectomised bright green Anolis cannot be changed to brown except by 
injections of pituitary extract. Transection of appropriate nerves, or even 
of the cord, does not inhibit colour responses. Further, skin-grafts quickly 
change in colour and likewise, the experimental exclusion of the blood supply 
from a part quickly results in its paling. Less conspicuous and rapid changes 
of colour take place in other lizards and snakes. 

In the Chelonia, scales are confined to the head and neck, the limbs, and 
the tail. With the exception of the soft tortoises, and the Leathery Turtle 
(Dermochdys), both dorsal and ventral surfaces are covered by a S5^tem of 
large homy plates. A series of homy head-shields usually cover the dorsal 
surface of the head. Beneath the homy plates of the dorsal and ventral 
surfaces are the bony carapace and plastron, largely composed of dermal 
bones, but so intimately united with elements derived from the endoskeleton 
that the entire structure is best described in connection with the latter (p. 526). 
The curious arrangement of the bony plates, with their trinodal and equi- 
angular seam junctions, is an interesting biological expression of the physical 
principal of conservation of border. Other biological examples are the shdls 
of extinct eurypterids (Vol. I) and the comb-stracture of honey-bees. The 
same principle is manifest in the directions taken by mud-cracks, and tte 
hexagonal columns seen in basaltic lavas and other kinds of rocks, both volcanic 
and plutonic (D’Arcy Thompson). 

In the Crocodilia the whole surface is covered with homy pfetes or scal^. 
each usually marked with a pit-like depressirai about the centre, those on Ae 
dorsal surface being ridged longitudinally. Underlying each of Aese, 
are of eiadermal derivation, is a thick pad of dermal connective tissue whi^, 
in the case of the dorsal scales, is replaced by a bony scute. In the caimans (p. 
502) thin soites also occur under the ventral scales. , . 

A periodical eedysis or casting and renewal of the outer layers of tl« homy 
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epidermis takes place in all the leptilia with the exception of the crocodiles. 
Sometimes this occurs in a fragmaitary manner ; but in snakes and many 
lizards the whole comes away as a continuous slough (see. howevmr, p. 522). 

Endoskeleton.— The vertebra are always fully ossified. Among recent 
forms, the geckos and Sphenodon (Fig. 353) are exceptional in having the centra 
amphicoelous, with renmants of the notochord in the interoentral spaces. The 
rest of the recent groups for the most part have the centra procoelous. in 
many extinct forms, the neural arches were not directly attached to the centra 
by bone {temnospondyly) : in recent forms there is a bony union {Stereospondyli) 
either through a suture or by fusion. Intercentra may be represented by 
intervertebral disks of fibrocartilage (Crocodiha) or by bony dements formed 
by ossification of the ventral portions of the disks (geckos, Sphet^kfim). In 
lizards in general, and in crocodiles, there are inferior processes (hypaPophyses), 



Fic. 353 — 
Sphenodon; 
Vertebra. The 

centrum is 
amphicoslous. 
(After Headley.) 



Fig. 354.— PpChon; Vertebra. Anterior and posterior 
views, n. j. neural spine; p, z, pre-zygapophysis; pL r. 
post-zygapophysis; f. p, transverse processes; z. a. 
zygantrum; z. s. zygosphene. (After Huxley.) 


perhaps representing intercentra, situated below the centra in the anterior 
cervical region. Chevron bones (inferior arches) occur in the caudal region of 
many reptiles (Sphenodon, Lacertilia, Crocodilia). 

In snakes and iguanas, in addition to the ordinary articulating processes 
or zygapophyses, there are peculiar articular surfaces termed zygosphenes and 
zygantra (Fig. 354). The zygosphene is a wedge^like process projecting for- 
wards from the anterior face of the neural arch oHhe vertebra. It fits, when 
the vertebrae are in their natural portions, into a depression of corresponding 
form — the zygantrum — on the posterior face of the neural arch of the vertebra 
in front. To this arrangement, as well as to the deeply concavo*<xmvex centra, 
the extraordinary flexibility and strength of a snake^s backboi^ are due. 

The various regions of the spinal column are wdl marked in most of the 
lizards, in the Rhynchocephalia, in the Chdoaia, and in the Crocodilia (Figs. 
355» 356). In the snakes (some of which may have several hundred vertebrae) 
and many of the snake-like lizards orfy two legkms are d i yHeg ^^lahable^P^^ 
caudal and caudal. In the others there is a sacral re^^ion compridBg usually 
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two vertebt®, both of whidi have strong processes (sacral ribs) for articulation 
with the ilia. The first and second vertebrae are always modified to form am 
atlas amd axis : in the Lacertilia amd Chelonia the latter hais a distinct odontoid 
process. In chaunaeleons, Sphenodon. amd the crocodiles there is a mediam 
bone, ihspro-^las (Fig. 357, 0 ), intercalated between the atkis amd the occipital 
region of the skull. 
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Ribs are developed in connection with all the vertebra of the pre-sacral 
or pre-caudal r^on. In the caudal region they are usually replaced by in- 
ferior arches ; Sphenodon, Chelonians, Crocodilians, and snakes have caudal ribs 
which become fused with the vertebra. In the Lacertilia only a small number 
(three or four) of the most anterior of the thoracic ribs are connected with the 
sternum by cartilaginous sternal ribs. The rest are free, or are connected 
together into continuous hoops across the middle line. In the so-called 
flying lizards (Draco) a number of the ribs are greatly produced, and support 
a pair of wide flaps of skin at the sides of the body, enabling the animals to 
glide. The widely expansible hood that is part of the intimidatory niechanism 

of the cobras (Naia) is controlled by 
the lateral spread of elongaed ante- 
rior ribs. In Sphenodon (Fig. 356) 
and Crocodilia (Fig, 355) each rib 
has connected with it posteriorly a 
flattened curved cartilage, the un- 
cinate process (see also Fig. 388, p. 572). 

In Chelonia (Fig. 358) the total 
number of vertebrae is alwayrs smaller 
than in members of other orders. 
The cervical ribs are small and fused 
with the vertebrae. The cervical and 
the caudal are the only regions in 
which the vertebrae are movable upon 
one another. The vertebrae of the 
trunk, usually ten in number, are im- 
movably united with one amother by means of fibrocartilaiginous intervertebral 
discs. Each of the neural spines, from the second to the ninth inclusively, is 
flattened amd fused with a flat plate of dermal origin, the neural plate (Fig. 359), 
and the row of plates thus formed constitutes the mediam portion of the 
carapace. The ribs are likewise immovable. A short distance from its origin 
each passes into a large bony dermad costal plate, and the series of costad plates 
uniting by their edges form a large part of the carapau:e on either side of the row 
of neural plates. The carapace is made up of the neural auid costal plates 
supplemented by a row of marginal plates (Figs. 358 amd 359) nmning along 
the edge, and nuchal amd pygal plates situated respectively in "front of and 
behind the row of neurad plates. In some caises the neural plates (Chelodina) 
and even the costal plates amd ribs (Testudo loveridgei) axe absent. 

The bony elements of the plaistron of the Chelonia are an anterior amd 
median plate (entopiastron) amd four paurs of plates which, in their order from 
before backwards, are termed epipiastra, hyofdastra, hypoplastra, amd xiphi- 
^^**^®* The median dement probably corresponds to the interclavicle or 





Fio. 357. — Croeodylua: VertebrsB. Anterior 
elements in young animal. A. atlas; Ep. axis; 
h. articulation of atlas with axis; IS, inter- 
vertebral discs; o. pro-atlas; Ob, neural arches; 
Po, odontoid bone; Ps, neural spines; Pt. 
transverse processes; i?, ribs; s. arch 

of atlas; u. median piece of atlas; WK, centra. 
(After Wiedershiem.) 
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episternum of other reptiles. The first pair (epiplastta) probably correspond 
to the davicles. The others seem to be of the same character as the abdominal 


ribs of Crocodilia. 

The carapace of the Luth or 
Leathery Turtle {Dermodidy^ 
is distinguished from that of the 
rest of the order in being com- 
posed of numerous polygonal 
discs of bone, and in not being 
connected with the endo- 
skeleton. It has been some- 
times suggested that this con- 
dition is the primitive one, but 
fossil evidence is to the con- 
trary. In the plastron the 
median bone is absent. Cara- 
pace and plastron are firmly 
fixed together by bony union in 
most species, but sometimes the 
connection is ligamentous. 

The sternum in the Lacertilia 



is a plate of cartilage with a 
simple or bifid posterior con- 
tinuation formed by the fusion 
of five or six pairs of ribs. In 
the Ophidia and Chelonia it is 
absent. In the Crocodilia it is 
a broad plate bearing the cora- 


Fig. 358. — Chelomis: £»>• and mdo-dnleton. 

Cistndo, from below. The plastron has been removed 
and is represented on one side. C. costal plate; Co, 
coracoid ; e. cntoplastron (episternum) ; Ep, epiplastron 
(clavicle?); F, fibula; femur; //.humerus; Hyp, 
hyoplastron; Hpp, hypoplastron ; Jl. ilium; J$, 
ischium; M. marginal plates; iVu. nuchal plate; Pb, 
pubis; Pro, procoracoid or process of scapula; Py, 
pygal plates; R, radius; Sc, scapula; T. tibia; U, 
ulna; Xp, xiphiplastron. (After Zittel.) 


coids and two pairs of ribs with a posterior continuation which bifurcates behind. 



Fig. 359. — Chelonia: Eso- and oido- 
mleton. In transverse section. C. costal 
plate; C*. centrum; M. marginal plate; P. 
lateral element of plastron; P. rib; V. 
expanded neural plate. (After Huxley.) 


A series of ossifications — ^the abdomi- 
nal ribs — ^lies in the wall of the abdomen 
in the Crocodilia (Fig. 355, Sta.), and 
similar ossifications occur also in many 
lizards and in Sphenodon. As already 
noticed, the posterior elements of the 
plastron of the Chelonia are probably of 
a similar character. 

In the sktM, ossification is much more 
complete than in the Amphibia althou^ 


the primary chondrocranium persists to a greater extent than in mamm als. 
The nupiber of bones is much greater. The parasphenoid is reduced, and its 
place is taken by the large basioccipital, basisphenoid, and presphenmd. 
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A fairly typical lacertilian skull has been described in the case of Lacerta 
(p. 446). Its principal characteristic features are the presence of an inter- 
orbital septum, the presence of the epipterygoid, and the mobility of the 
quadrate. The last of these features it sWes with that of the The 

epipterygoid is absent in some lizards, such as chamaeleons and many burrow- 
ing forms. The quadrate is not always movable. The skull of chamaeleons 
has a remarkable helmet-like appearance owing to the development of pro- 
cesses of the squamosal and occipital regions, which unite above the posterior 
part of the cranial roof. The skull of the amphisbxnians differs from that of 
other Lacertilia and approaches that of snakes in the absence of |an intcr- 
orbital septum. 

Fig. 360. — touteidee; 
Skull. Natrix. 'vA, from 
above ; B, from below. 
angular; Art. articular; 
hp. basioccipital; Bs. basi- 
sphenoid ; Ch. internal nares; 
Cocc. occipital condyle; Dt. 
dentary; Eth. nasal capsule 
or ethmoid cartilage ; P. 
frontal; F*. postorbital, 
Fov. fenestra ovalis; M. 
maxilla; N. nasal; 01 . ex- 
occipital; Osp. supraoccipi- 
tal; P. parietal; Pe. pen- 
otic; P. f. prefrontal; IH. 
palatine; Pmx. premaxilJa; 
Pi. pterygoid ; Qu. quadrate; 
SA . supraangu lar ; Squ . 
squamosal; Ts. transverse; 
Vo. vomer; JI, optic fora- 
men. (After Wiedcrshcini.) 


In the skull of Ophidia (Fig. 360) orbitosphenoid and pleurosphenoid or 
laterosphenoid elements are absent in the adult. Their places are taken by 
downward prolongations of the parietals and frontals. Along the base of the 
skull are two cartil^nous ro^ (Fig. 360, B. T.) which are the persistent 
trabeculee of embryonic life. The interorbital s^tum is absent. Neither 
upper nor lower temporal arches are present. As in lizards, the palatines 
(PI.) are widely separated from one another, and are usually slender. They 
are movably articulated behind with the pterygoids (Pt.), and the latter, 
through the intermediation of the slender transverse bones (Ts.), with the 
maxillae. The premaxillae are small, usually fused together and usually 
toothless. The maxillae (Mx.), articulate with the conjoined laduymal and 
prefrontd (La.), which, in turn, is connected with the frontal. In Viperids 
the maxillae are short and freely movable, ereciii^ the fangs. The long and 
s^der quadrate (Qu.) is freely articulated with the posterior ei»d of the 
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elongated sqoamosal. The rami of the mandible, likevHise long and slender, 
are not umted anteriorly in a s3nnph}nsis, but are connected together merely 
by elastic ligamentous tissue, so that when the mouth of the snake is opened 
to allow of the entry of relatively large prey (which it swallows whole) they 
are capable of being widely separated from one another. An African Rock 
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Fig. 361. — Sphmfodtm: SkolL dorsal ; B, ventral; C. left-sided view of skull of Sphenodon, 
X J. Co/. Columella aui^; Cond. occipital condyle; i:. P. ectopterygoid; F. frontal /wg. jugal; 
Max, maxilla; Na, nasal; Nc, anterior nasal opening; Pal. palatine; Par. parietal; Pmx. pre- 
maxilla; Prf. prefrontal; Pi.f. postfrontal and postorbital; Ptg. pterygoid or endopterygoid; 

quadrate and quadrato-jugal; Sq. squamosal; Vo. vomer. (See also p. 467.) (From Cambridge 
A' atnral History,) 

P3^hon {Python sebat) only xi feet 9 inches long has been known to swallow 
a fully grown, homed Thomson's Gazelle {GazeUa tkomsoni). Post-mortem 
it was found that the gazelle’s spine was fractured in four places. The pelvis 
^d one thigh were also broken and the prey was so distorted that the ribs 
on one side. {M^>traded through the other side of the body. The swaUowing 
process todk 90 minutes (Pitman). Ehtmars presented a freshly killed pig 
Weighing doltt>. to a python measuring 20 feet long and saw it swallowed whole. 
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In primitive burrowing snakes such as the Ilysiidae, the jaw bones t«id to 
be solidly united with the skull. The skull of Sphenodon is on the whole 
lizard-like, but there is a complete lower temporal arch. The quadrate {Q.) 
is imm ovably fixed, wedged in by the quadrato-jugal, squamosal, and ptery- 
goid. The premaxillae (Pmx.) axe not fused together, but separated by a 



suture. There is a broad 
padate formed by the plate- 
like vomers, palatines, and 
pterygoids (Fig. 361). 

In the Chelonid (Fig. 362) 
all the bones, including the 
quadrate, are solidly con- 
nected together. iVansverse 
bones (ectojpterj^goids). 
lachrymals, and orbitosphe- 
noids, aind pleurosphenoids 
are absent. The place 
of the last named is taken 


to a certain extent by verti- 
cal downward plate-like ex- 
tensions of the parietals, the 
lower part of the plates per- 
haps representing the epi- 
pterygoids of lizards. There 
may be open temporal fossa, 
the inferior boundary of 
which {inferior temporal arch) 
may be incomplete owing to 
the absence of the quadrato- 
jugal). In some chelonians 
(e.g. Chelonia, Fig. 362) the 


Fig. 3 ^^-— Chelonia: Skoll. bs. basi-sphenoid; fr. 
frontal; j. jugal; »«. maxilla; 06. basi -occipital; of. 
exoccipital; op. opisthotic; os. supraoccipital; pal. pala- 
tine; par. parietal; ph. postfrontal; prfr. prefrontal; 
pt, pterygoid; prm. premaxilla; q. quadrate; qj. quadrato- 
jugal; $q. squamosal; v. vomer. (After Hoffmann.) 


entire temporal region may 
be covered over by a sort of 
false roof formed of expan- 
sions of die postfrontals {ph .) , 


parietals {par.), and squamo- 
sals (sy.) with the jugal (j.) and quadrato-jugal {qj.). The immovably fixed 
quadrates Fig. 362, q.) are modified to afford a part or the whole of the rim for 
the support of the tympanic membrane. The occipital condyle is sometimes 
trilobed. The vomer (v.) is unpaired. The palatines {pa.) are apjmiximated 
and give off palatine plates, which for a short distance cut off a nasal 


passage from the cavity of the mouth. Nasals are usually absent as .^parate 
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bones. The premaxillse are very small. The rami of the mandibles are stout, 
and are firmly united together at the symphysis. 

In the crocodiles (Figs. 363, 364), as in the 
Chelonia, the quadrate {Qu.) is firmly united / \ 

with the other bones of the skull. There is L 

a membranous and cartilaginous interorbital /T /A 

septum. There are no distinct bony orbitosphe- V Y A 

noids, but pleurosphenoids are well developed. / \ 1 A 

The orbit is separated from the lateral temporal 'l Ma n 

fossa by a stout bar situated somewhat below | './ 

the surface, and formed of processes from the / i / I \ 

postfrontal, jugal, and ectopterygoid. The / ^ / j\ \ 

lateral temporal fossa is bounded below, as in ^ 

Sphenodon, by an inferior temporal arch com- / J \ 

posed of jugal and quadrato- jugal (paraquad- Lw /Jt 

rate). The frontals are early united into one, // 

and the same holds 

^ develop palatine Fig. 363.— CrocodylHs: fflnill. 

f -a* Dofsal vicw io adult. Col. buttress 

Ha * plates in the roof of connecting the postfrontal with the 

SF /N the mouth, cutting jugal and ectopterygoid; frontal; 

CTe / \ 'tm „ Jg- jugal; Mx. maxilla; Na. nasal; 

I ^ IfffL Off a nasal passage P, parietal; Pm. premaxilla; Po. /, 

^ ^ of great kngth Iron. qLSSSS*/ I 

MMPBif the cavity of the characteristic ridge on the pre- 

XU xr. X • frontal bone; Sq, squamosal; T. 

fffl If' mouth, the posterior perforation in the premaxilla caused 

nares (ch.) being 
lllr K vlLlI situated far back to- 

fcw K wards the posterior end of the cranial base. The 

nature of the articulation between the mandible 
and the quadrate is such that movement is re- 
stricted to the vertical plane, and lateral displace- 
364-— CrocodifiM#.* ment is further provided against by the develop- 
animal, ch, posterior nares; ment of a broad process of the pterygoid against 
Sai; Uie inner surface of the mandibular ramus 

process); 06 . baai-occipitai; plavs, an arrangement which occurs also in most 

0'’6. orbit; PI. palatine; Pmx. 

premaxilla; Pt, pterygoid; IdUCCrtlha* 

In accordance with their purely aerial mode of 
(After Wiedersheun.) . . . . , , . 

respiration, the mtcered arches are much more re- 
duced in the ^eptilia than in the Amphibia in general. The only weli- 


HW.S'°\r 364. — Crocodiflu*.* 
BKUl. Ventral view m young 
animal. C/i, posterior nares; 
Cocc. occipital condyle; Jg. 
jugal; Af. maxilla (palatine 
process); Oh. basi-occipital; 
Orb. orbit; Pf. palatine; Pmx. 
premaxilla; Pf. pterygoid; 
vj. quadratojugal; Qu, quad- 
rate. (After Wiedersheim.) 
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developed post-mandibular ardi is tbe hymd. and evoi tins may u^tgo con- 
siderable reduction (Ophidia). The branchial arches are greatly reduced, or 

There is little variation In the structure of 
the lunb-arches and skeleton of the limbs in the 
different groups of Lacertilia. The pelvic arch 
is distingmshed in the Lacertilia in general by 
its slmder draracter. The pubes and ischia 
are (as is the case throi^out the class) sq>arated 
from one anodier by wide ischio-pubid foramina. 
This feature markedly distinguidies the rep- 
tilian pelvis from that of the Ampmbia. In 
limUess forms the pectoral arch may^ either 
present or absent. \ 

In Sphenodon thoo is a foramen above the 
outer and one above the inner condyle of the 
humerus. There are eleven carpal elements, of 
which there are four, including a pisiform, in 
the proximal row, two centrals, and five in the distal row. The pubes are 
united in a symphysis, in front of which is a cartilaginous epipubis. A large 
oval foramen intervenes between the ischium and the 
pubis. A cartilaginous hypoischium is attached to the 
ischia behind. In the tarsus the tibial and fibular 
elements are distinct, though firmly imited. The inter- 
medium and the centrale are firmly fixed to the tibiale. 

There are three distal tarsal bones. 

In the Chelonia (Fig. 358) the interclavide (epister- 
num) and clavicles are absent, unless, as is probable, 
the former be represented by the median dement of the 
plastron and the latter by the first lat^al pair. The 
entire pectoral arch is a tri-radiate structure of which 
the most ventral and posterior ray, ending in a free ex- 
tremity, is the coracoid. The other two rays are-tbe 
scapula and a process, sometimes regarded as represent- 
ing the procoracoid, given off on the inner dde of the 
scapula near its glenoid end. The ixmes of the carpus 
have nearly the typical arrangement, omsistii^, as in 
lizards, of a proximal row of three, a distal row of five, 
and a centrale between the two. The pdvis raMaaUies 
^t of Lacertilia, except that it is broafier and P#es and 

isdiia meet in v^tral symphyses, and epipubic amd hypoischial cartilages may 
be laesent. In the tarsus (Fig. 365) there » osuaSy a pismctoial bone 



¥{0.366.— Attloator: 
Cnqpttfe Vonng animal. 
C. centrale (?) ; 
radius; U. ulna; r. 
radiate; n.nlnare; 1—5. 
the five distal carpals 
(not yet ossified); land 
3 nmted into one, and 
also 3, 4. Iwd 5; t> 
pisilom; 1^# the five 
- (After 

M) 


aborted, in the adult. 



Fig. 365.— Oh«k»ia: Tanas. 
Emys, Right side from above. 
F. fibula; T. tibia; (1.) /. /. c. 
the united tarsals of the proximal 
row; Ph\ first phalanx of the fifth 
digit; 1—4, distal tarsals; /— K. 
metatarsals. (After Wiedersheim.) 
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four distuiiau Tbere ure never more than two [dudai^ee to any the' 
digits. 

In theCrocodilia ateo the davide is absent, 
but there is an epistemum. The number of 
carpal dments is reduced, the largest being 
two proxunal bones, the radiaie and the ulnare 
(Fig. 366, r. «.). On the ulnar side of the 
latter is a ^all accessory Ixme (^»s*/om,t). 

The pelvic arch (Fig. 367) differs somewhat 
widely from that of other living reptiles, and 
the parts have been variously interpreted. 

Two bones (P.), which are usually regarded as 
the pubes, extend from the region of the 
acetabula forwards and inwards, but, though 
they become dosdy approximated anteriorly, 
do not meet in a symphysis. Between and in 
front of their anterior extremities, whidx are 
tipped with . cartilage, extends a membrane 
(A/.) with which are connected in front the 
last pair of abdominal ribs (BR.). The pos- 
terior ends of the pubes are cut off from the 

acetabulum by the in- 
terposition of a pair 
of bones which may 
be parts of the ilia, 
but are separatdy 
ossified. The ischia 
extend downwards 
and somewhat back- 
wards from the acetabula and are fixed together vent- 
ralfy (at Sy.), but tirere is no true symphysis, as their 
extremities rranain cartilaginons. A hypdschium is 
not present. In the tarsus (Fig. 368) there is a^nobable 
astragalus, two proximal tarsal bones and a cakatunm 
— the latter having a prominart calcaneal proo^and 
two dktal tarsal bones, together with a thin plate of 
carrilag^ supportiBg the first and second metatarsals. 
The nusang fifth dig^ is r^[»eaaited 1 ^ a rudimentary 
m^tarsaL 

MImmlatSf Oiaal vA A wtatela d fitmetiini.— M- 

does not ooeof, tsnestrial reptiles, and partodariy 
snakes. faSMfl'acttwe sa^^esk saMiirttTy glands piodueiag cofixm 



Fig. 369. — CroeoAOmB: 
Tanmigi Right, fiom aBove. 
/'.fibula: l.t.c.po8« 

sibly the astragdus, formed 
of the united tibiale, kiter- 
niedium and centrale; /. 
iibulare (calcatieum); i — 3, 
united fiiat. suars MsH mxsH 
third 

taraal; iwr, tot to 
nutotennlt; V7, 
fifth dMal taiwil iad Sfih 
dtoaWiato- 



Fio. 367. — AUtgator: Pahrii. 
Young animal in ventral view. B. 
fibrous band passing between the 
pubic and ischiatic symphyses; BR. 
last pair of abdomin^ ribs; F. 
obturator foramen; C. acetabulum; 
IL ilium; 2 $. ischium; M. fibrous 
membrane between the anterior ends 
of the two innominate bones and the 
last pair of abdominal ribs; i’. pubis; 
5y. ischiatic symphysis; /, if, first 
and second sacral vertebrae. (After 
Wiedeisheixn.) 
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secretions which aid deglutition. C<mtrary to popular belief, however, ^lakes 
do not ' slime ' their victims before swallowing. Many snakes can disgorge prey 
if frightened. 

Reptilian teeth are generaUy thinly capped with an exceedingly hard, 
highly calcified, homogeneous layer of material that is superficially like the 
enamel found in mammals, but most of the tooth is made up of bcmcslike 
dentine. 

The form and arrangement of the teeth already described in the account 
of Lacerta prevail in the majority of lizards. In many of them the palatal 
teeth are absent. The teeth are sometimes'^fixed by their bases to tjhe summit 
of the ridge of the jaw (acrodont forms) and sometimes fixed by their sides to 
the lateral surface of the ridge (pleurodont). They are never emlbedded in 


Fig. 369. — CroialuM: Skull and 
fSllgf. Rattlesnake. A, lateral 
view. B, O. basi-occipital; B. S, 
basi-sphenoid ; E. O, exoccipital; 
F. O, fenestra ovalis; La. con> 
joined lachrymal and prefrontal ; L. 
f. articulation between lacrymal and 
frontal; Mn. mandible; Mx. maxil- 
la; Na. nasal .PL palatine; Pmp. 
premaxtUa; P. Spk. parasphenoid; 
Pt. pterygoid; Qu. quadrate; Sg. 
squamosal ; II, V, foramina of exit 
of the second ai^ fifth cranial nerves, 
B. transverse section at point 
lettered B in Fig. A: T. trabeculae. 
(After Huxley.) 



sockets in any recent form and are usually shed and replaced throughout the 
life of the individual. Two remarkable Mexican lizards {Hdoderma) are tinique in 
having teeth that are grooved for the ducts of poison-glands. In snakes (Figs. 
360, 369) teeth are rarely devdoped on the premaxilhe, but are present on the 
maxillae, palatines, and pterygoids, ais well as the dentary of the mandible. 
Sometimes they may be of the same chauacter throughout : sdid, elongated, 
sharp-pointed, amd usually strongly recurved, so that they have the chauacter 
of sharp hooks. The function of such teeth B to hold prey and prevent it from 
struggling free while it is being swallowed. Non-voionious snakes possess 
teeth only of this chaiau::ter. In venomous snakes some of the nmsdOary teeth 
become pmstm-fangs. These are usually much laigar tfaam the ordinaucy teeth, 
and aue either grooved or perforated by a lor the paosa^e (s$ the duct of 
the poison-gland. In the Viperidae there is aang^ large, carved, parison-fsngon 
the maxilla with small reserve-fongs. at its baa^ These ate tiie only 
home by the maxilla, whkhds very^sbtsrt^ -Tii.;^ yrnmnous coh^iiiiie snakes 
the pmscn-fai^ are either the most antaaor, hr the amst pcstMiw, * 
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considerable taiagft of n^xmary teeth. In vipos the large pc^on-^i^ is 
capable bring rotated through a considerable angle, and moved Irma a 
nearly horizontal position (in which it lies along the roof of the month em- 
])edded in folds of the mucous membrane) to a nearly vertical one, udien the 
snake opais its mouth to strike its prey. The rotation of the maxilla is 
brought about by the backward or forward movement of the low^ end of 
the quadrate which imparts its movement to the pterygoid and thence to the 
other bones of the upper jaw. 

The venom is ejected by the sudden contraction of a muscle often referred 
to as the temporal or masseter (Fig. 370). This muscle is probably not homo- 
logous with such mmnmalian elements, but is, in fact, the capito-mandibidaris 
superfidaiis muscle (Colbert). The venom gland is a modified superior labial 
or ‘ parotid ’. In Naia naia it is about the shape and size of an almond kernel 
and is thickly encapsulated with fibrous tissue. It is composed of a neck and 
a body through the long axis of which runs a duct. The caj^ule supports 

Fig. 370.— Crafalw; PoiMnap- 
piratns. Rattlesnake. A, eye; Gc, 
poison-duct entering the poison-fang 
at t ; Km, muscles of mastication 
partly cut through at *; Me, con- 
strictor muscle; M€\ continuation 
of the constrictor masde to the lower 
jaw; N, nasal opening; S, fibrous 
poison sac; s, tongue; ta, opening 
of the poison-duct; sf, pouch of 
mucous membrane enclosing the 
poison-fangs. (After Wiedersheim.) 


vascular fibrous septa which separate the glandular substance into secretory 
pockets, the poison lakes of Bobeau. The roughly fan-shaped capito-mandi- 
bularis superfidalis muscle, originating on the post-frontal (post-orbital) bone 
and parietal ridges, embraces much of the body of the venom gland. Its 
contraction, which governs the biting movement, swiftly and synchronously 
expresses poison from the isolated poison lakes down the central duct into the 
neck of the gland and towards the adjacent fang. There is uncertainty om- 
ceming the precise means by which ibo poison canal joins tihie upper ink^ 
aperture (Fig. 571, i. ap.) of the fang, and especially how a imw coimection is 
establirired after the periodic spontaneous shedding of the operative fang or 
after (in some species) loss on impact with {xey. In at least some species the 
duct bends imsards and ^ds in a cavity anterior to the bases (tf the fvogs. 
Paired muscular cushions and a system of peridcmtal frids direct the venmn 
into the basal iidnlce sqparture. The venom travris down the venom canad ai^ 
is forced from the jnd>-tennijml disrihwgs sqxarture (d. s^.} at the momei^ 
embeddinit. . dd tim time inspect the jaws rifmttkmiakes me 

^ extesit'<d'neazfy rSd'defmes. 
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Snake venoms act in a variety of ways, so timt it a jposs&te to t>ecoiii« 
immunised to the venom of one species and yet die from hate qi another. 
Venoms may i. act on nerve cells and cause respiratory j^nalysis; a. destroy 
the endothelium of smaller blood vessds and aUow Uood to seq> into the 
tissues; 3. destroy erythrocytes, and 4. cause blood coagulation. The venom 
of the North Australian and New Guinea Taipan {Oiiyt$ranus), dischaiged 



0 C 

Fig. 371. — —iFwia; Dental apeeWintiaa. Spitting (A, B) compared with a non-spitting (C| 
speciM. The venom enters the fang timmgh an intake apwtnm (i. op.), and is ejected through 
the discharge aperture (d. ap.). Thick arrows indicate directhm of jet in each types, d. dentine; 
en. enamel; s. suture; v. e. venom canaL (Modified after Bognrt.) 

in great quantity and almost invariahiy fatal, acto in the fast, third, and 
fourth ways outlined above. The neurotoidc vaxnn of toe Indo-Malayan 
King Cobra {Naia Hannah) and Austridian Death Adder (Adsanthophis) 
leads to death chiefly from respiratory pand)psis. The hii^fy destructive 
vraom of the Tiger Snake {NotechU adso iwiwiarily'pftiuttntoe nervous 

system, although it is a powerhil magnisiwf- .nn.wwsM . The -hdinolyaifi and 

haemorrhage caused by toe venom <rf toe Soiito4toMadcaD F«»HiM«ii^ 
atrox ~ lancaAatus) is so pronounced toipt bliKsifta|iy .4Mw^if!y' irii} gfy . ^hih ,qres. 
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jenal and alimentaxy tract ^thelium. A man bitten <ni one arm by a Sontli 
African Boomslaiig {DispfuAidm typus) suffered massive extravasation m the 

other as widl. 

The neurotoxic veimm of tiie truculent African Black Mamba {Deniraspis 
angtfsticeps) has killed a man within twenty minutes. The venom of the 
aggressive Gaboon Vip»er {BiUs gabonica) produces ‘ furious blood and tissue 
destruction’ (Ditmars) as well as respiratory paralysis. This equatorial rain- 
forest reptile, of sinister beauty,* kills every time it bites in tropical Africa, 
reputedly writhin an hour. Only one bitten person is known to have recovered. 
This was a reptile curator at a North American menagerie who was struck on a 
finger by one fai^f <mly and was in a petition immediately to receive treatment 
by incision, suction, intermittent tomiquet, three kinds of antivenenes (none 
specific for B. gabonica is yet available), hot limb-baths and packs, injections of 
caffein, strychnine and novocaine, blood transfusion, and finally incisions to 
allow the escape of extravasated blood and lymph. Through these incisions 
tissue herniated. Voided urine consisted almost wholly of blood. Meanwhile, 
respiratory paralysis intervened, and after about an hour the agonised, pulseless 
patient became unconscious and appeared to be dying. He regained con- 
sciousness an hour later, and left hospital after three weeks. It is claimed that 
the congeneric homed West African River Jack or Rhinoceros Viper (JB. 
msicornis) is equally lethal. The loud-hissing Puff Adder {B. arietans), which 
often visits human habitation to feed on rodents, has a much less deadly 
haemolytic, but to some degree neurotoxic, venom which nevertheless has 
occasionally been fatal within three hours. 

In India, a country heavily populated by both snakes and Man, as many as 
24,000 people have been killed by poisoning in a single year. This enormous 
death-rate is probably matched in no other country and is perhaps largely 
due to the presets of a mainly bare-footed population. The nocturnal kraits 
(Bungarus spp.), Russell's Viper {Vipera russeUi), and the Cobra are chiefly 
responsible. In Australia and North America, on the other hand, the risk 
of snake-bite is negl^Ue: in Australia an average of five pieople are killed 
each year. Most diurnal serprats axe more vrary of Man than he is of them 
and their ocdumella/quadrate attachment (p. 448) enables them to disajqxmr 
long before he comes in view. Vipers, howevw, are exceptional in that they 
tend to lie motHmless, jxotected by their concealing coloration. The same 
is true of the v^iT'^like Australian Death-adder {Acantiiopk/is mddvvfMws), 
sn elapid rqit^ that tdiows convergence in both form and habits’ in a 
country witiiotd^ V^wrs. Althou^ apparently lethargic, vipers are capable 
of lightning ^ trodden cm cu whmi near thmr prey. A few snakes («.g. 


‘ This !»»«««»» laa a >ymiBetriad cwiiet-lilM {wtCam of 

: Kreenish-yaOow, elawMk, and buff. Jbiflctioa of .tba body duiii^ axciteinant ^ 

1 b^Vliur, Tbs dofoiiira bava ia Ufa # dalkate blpom. '*> that ^ wboledea^ 

night 

VOL. n.. . 
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Blar>f or Green Mamba, King Cobra) are said to attack Man without positive 
provocation during the coupling season. 

Chance of survival from snake-bite depends to a great degree on the amount 
of venom that the reptile habitually discharges, on its fang-length and the 
depth to which they are driven into the tissues. The essentially neurotoxic, 
but also coagulating, venom of the Australian Tiger Snake is drop for drop 
probably more potent than that of any terrestrial species, but its bite is fatal 
in only about 50 per cent of treated cases. The Tiger Snake has poison-glands 
of limited capacity and relatively short fangs. These are a mere 3*5 mm. long. 
Those of the Taipan are 12-5 mm. long and those of the full-sized (4 ft. 8 ins.) 
Gaboon Viper almost 2 inches in length if measured along the curve. It has 
been suggested that the neurotoxic venom of the Tiger Snake, Blue Krait of 
India {Bungarus candidus), and the Formosan B. muUicinctus, are toxic to the 
mouse in a dosage of as little as 2-5/1,000 of a milligram and about 2 milligrams 
in the case of Man. 

An interesting adaptation is shown in the fangs of the ' spitting ’ members of 
the cobra family and in the South African ringhals {Hemachatm) (Fig. 371). 
Here the suture (s.) line ends somewhat more proximally in a more restricted 
and relatively oval discharge aperture (<f. ap.) through which, when the head is 
tilted at an exactly appropriate angle, the venom is explosively discharged at 
the victim’s eyes. The attack of the Black-necked Cobra (Naja nigricollis) has 
been studied by Ditmars. It often takes the victim — Man or other animal— 
completely by surprise for the reptile will rear, and eject venom accurately 
into the victim's eyes at very slight provocation from a distance as great 
as six feet. A six-foot cobra has been known to eject at least some venom 
for a distance of 12 feet. Ditmars states that the term ‘spitting’ does not 
correctly indicate the manner of ejection since the jaws are slightly parted 
and the venom comes directly from the openings at the tips of the fangs. 
‘The snake rears. . . . Facing the object of anger it looks intently at one’s 
face ... if it seeks to direct the poison upwards it curves its rearing pose 
backwards, thus directing its head upwards. The ejection of the poison 
is an instantaneous operation. The jaws are slightly opened and closed 
so quickly as to appear like a snapping motion, -and during this action the 
poison leaves the fangs. There is no dribbling or spilling of the fluid. It 
issues in twin jets. . . . There is every indication that, at the instant the snake 
prep^s to eject the poison, it contracts the temporal muscle over each 
pmson gland, thus producing pressure to force the toxic fluid a ewrsider- 
able distance. This flies with such force that its impact can be distinctly 
heard agmnst ordinary glass five feet av^y. At the instant of ejection the 
snake emits a sharp hiss. This ejectimi of air might be an aoctanpanying 
token of anger, or it may assist the travel of the poison.’ As this type 
pmsem is at once absorb^ through the coniuiietiva, the if it reaches 
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its mark, 'throws the victim mto a condition of pain and emiU* 

ing the cobra to esci^’. There is intense agony accompanied by acute 
conjunctivitis and temporary blindness. ‘Astonishing amounts erf pmson are 
expended. Aftwr a vigorous demonstration, and the discharge of four to six 
jets of poison, the glands rairfdly refill ... the new fluid is of much lighter 
specific gravity than older storage.’ Experimentally it has been shown that 
the venom causes degeneration, and partial vascularisation of the cornea, 
lesulting in blindness if untreated. 

Sphenodon (Fig. 361 ) possesses pointed, triangular, laterally-compressed 
teeth arranged in two parallel rows, one along the maxilla, the other along the 
palatine. The teeth of the lower jaw, which are of similar character, bite in 
between these two upper rows, all the rows becoming worn down in the adult 
in such a way as to form continuous ridges. Each premaxilla bears a pro- 
minent, chisel-shaped incisor represented in the young animal by two pointed 
teeth. In the young Sphenodon a tooth has been found on each vomer — a 
condition unusual among reptiles. In the Chelonia, teeth are entirely absent. 
The jaws are invested in a homy layer in such a way as to form a structure 
something like a bird’s beak. The Crocodilia have numerous teeth which are 
confined to the premaxilhe, the maxillae, and the dentary. They are large, 
conical, hollow teeth which are devoid of roots, each being lodged in its socket 
or alveolus (thecodont), and each becoming replaced, when worn out, by a 
successor developed on its inner side. 

In some lizards the tongue is short and scarcely bifid; in others (e.g. 
Lacerta) the forked part is of moderate length ; and in others again, like the 
monitors, the bifid tips are very long, as in snadees. The tongue of chamaeleons 
is an extraordinary organ. It is sub-cylindrical with an enlarged extremity, 
and is so extensile that it is capable of being darted out to a distance sometimes 
equalling, or even exceeding, the length of the trunk (Fig. 351 ). This pro- 
trusion is effected *with great rapidity. In this way the animal catches insects 
which constitute its food. The tongue in snakes is slender and bifid, capable 
of being retracted into a basal sheath, and highly sensitive. It is used as a 
tactile organ; and in conjunction with the organ of Jacobson (see p. 544)* The 
tongue of the Crocodilia is a thick, immobile mass extmding between the rami 
of the mandible. In some of the Chelonia the temgue is immobile ; in others 
it is protrusible, sometimes bifid. 

In the alimentary of the reptiles special features are the muscular 
gizzard-like stomach of the Crocodilia (sometimes conta inin g gasirtdWts), 
presence of a rudimentary csccum at the junction of miall and large intestixi^ 
in most Lacertflia and in Ophidia, and the presence of numerous large conned 
papUlse in the oesc^hagis of the turtles. 

IHges:Uenhegii» in the stomadr and is partictflaily rapid In snakes. When 
a large aniitml is beix^ dowly engtflfed, the first part of the prey is partly 
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digested before the hind-parts have been swallowed. AStee taking in an 
especially large meal some reptiles (e.g. pythoos) are able to do withooit bother 
for more than a year. 

There is a belief, common in most countries, that in times of dang^ snay^ 
temporarily swallow their young as a protective measure. Many sober 
observers, from at least the z6th century onwards, have givmi currency to this 
belief, probably through optical illusion. When frightened, the tiny young of 
several species glide quickly under the mother's jaws and out of sight beneath 
her beUy. 

Respiratory System and Voioe. — ^The reptSes all have an dongat^ trachea, 
the wall of which is supported by numerous cartilaginous rings. The anterior 
part of this is dilated to form the larynx, the wall of which is sup^rted by 
cricoid and arytenoid cartUages. Although reptiles are on the whole not 
notable for their voices, many do communicate by sound. Geck(^ emit a 
peculiar little yrapping bark when menaced. One is known as the Barking 
Lizard. It has been daimed, but not proved, that female crocodiles of some 
spedes are made aware of the hatching of their buried eggs by the squeaking 
of the young. The roar or bellow of an adult male Crocodylus porosus can be 
heard a mile away. Chdonians are said to 'bark' or 'grunt ', but the evidence 
is conflicting. Sphenodon is said to emit a soft frog-like croak. 

The reptilian trachea bifurcates^posteriorly to form right and left bronchi, 
one passing to each lung. The lungs of the Lacertilia and Ophidia are of the 
relatively simple diaracter already described in the lizard (p. 478). In some, 
the lung is incompletdy divided intemaUy into two porticms — an anterior 
respiratory part with sacculated walls, and a posterior part with smooth, not 
highly vascular, walls, having mainly the function of a reservoir. 

In snakes the lungs usually exhibit a striking asymmetry. The right lung 
is always very long and in marine species (in whidi it has a hydrostatic 
function) it may almost reach the levd of the cdoaca. The left long is often 
rudimentary. In scune snake-like lizards a similar a^rmmetiy occurs, but in 
amphisbsenids it is the right lung that may be reduced or aborted. In the 
more primitive snakes both lungs are functional and of almost equal size. In 
the Crocodilia and Chelonia the paired lungs are ofa more complex character, 
being divided internally by septa into a number of chambers. 

Some snakes possess a tracheal ‘lung’. In these tl« incomide^ tracheal 
rings allow the expansion of the tradieal membrane and the development ol 
alveoli which sometimes extend frran the head x^t down to those of the right 

lung proper. It has been suggested that this anangement aRows the snake tc 

resjare tracheally when the true lung is c wnp aessed by ii^iierted prey* In 
dhamadeons (Fig. 351) a number of diverticnla or aie^eace occffir’and'-are capable 

of inflation, causing an increase in the bulk of tJ» aidmal udnph 
an effect on assailants. The Australian 
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capable of Uowiim: itsdf iip with air when oonfironted. The increased bnlk 
makes it (hfficiilt for it to be swallowed by snakes and other enemies. 

There has berni considerable arsument concenung respirati<m in 
The thorax is relativdy restrkrted in movement and it has been chonwd that 
turtles adhieve lung resiHratitm essentially in the manner of frogs (p. 403). 

It is apparently true that there is a c^ain amount of hyoid movonent, but 
it is possible that this is jximarily concerned with the inflow of air for olfaction. 
Current ojanion is that a series of special muscles, situated ventral to the viscera 
at the 1^-pockets, alter coelomic pressures and thus draw air into, and thrust 
it from, the paired bronchi and lungs. In addition, two other auxiliary 
respiratory devices have been reported in aquatic chelonians that spend periods 
below the surface. The pharyngeal cavity of many species is highly vascular, 
and it has been claimed that respiratory exchanges take place between pharyn- 
geal wall and water takoi in and expelled during submersion. The second 
auxiliary respiratory mechanism is located in paired doacal diverticula which 
empty and fill through the vent of the submerged reptile. 

Some soft-shelled turtles spend much of their time obliteratively concealed 
on, and partly in, the bottom mud of waters sufficiently still and shallow to 
allow the long neck to reach the surface like a periscope. The appropriately 
situated nostrils slightly emerge and take in atmospheric oxygen. Such 
animals, as mentioned above, can also breathe dissolved oxygen by means of 
pharyngeal and doacal exchai^es when the head is submerged during feeding 
and in times of danger. 

Blood Vaseular System. — ^In the reptilian heart (p. 474) the conus arteri- 
osus, present as the most anterior chamber in the amphibian heart, is 
completdy absorbed into the ventride, from which therefore the arterial arches 
arise directiiy. Varying degrees of absorption of the sinus venosus into the 
right auride are also to be observed throughout the class and thus, with the 
exception of Sphenodon (ss Hattma), it is not easily distinguished externally. 
Its aperture of ccanmunication with the right auride is guarded by valves or 
foldings of the wall of the auride. 

There are, as in the Amphibia, always two quite distinct aurides, the right 
receiving the venous Uood from the body, the left the oxygenated blood 
brought from the hmgs by the pulmonary veins (Fig. 320). A '\dtal pdnt of 
difference between flhe heart of the reptile and that of the amphibian, however, 
is that in the fcxnner the ventride is always more or less cmnfdetdy ^vkted 
into right and left portions. In all the Laceitilia, Ophidia, and Chdonia 
the structure is essenftally as has bera described in Lacerta, the ventri- 
cular Saturn bemg wdQ devdoped, but not completdy dosing crifl ftre left- 
hand portun bl ^ of the vwitrkle from the ri^t (csienn ventrale = 

This stqobsm 'mait'oe less hminontd. The left-haid porticm (uhkh is 
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mudi the larger) is further imperfectly divided into a cavum venosum to the 
light, and a cavum arteriosum to the left by a second septum fonned by fused 
trabeculae. The secondary septum is situated on the dorsal wall of the ven- 
tricle, approximately at a right amgle to the primary septum. The separation 
is also helped by two elongated flaps of the auriculo-ventricular valve which 
project into the cavity of the cavum dorsale. 

This secondary septum is probably homologous with the interventricular 
septum that has arisen in the crocodiles and which persists in birds (p. 589). 

From the cavum pulmonade arises 


W‘jauort^,^y^ 




wtatur.'i/mnl.ap - 






Fig. n2,‘-CroeodyluB: Heart and great 
veiiels. Diagrammatic. The arrows show the 
direction of the arterial and venous currents. 
/. aort, left aortic arch; h aur, left auricle; 
/. aur, vent. ap. left auriculo-ventricular aperture; 
/. car. left carotid; 1 . stth. left subclavian; /. vent. 
left ventricle; pnl. art. pulmonary artery; 
r. aort. right aortic arch; r. aur. right auricle; 
r. aur. vent. ap. right auriculo-ventricular aper- 
ture; r. car. right carotid; r. sub. right sub- 
clavian; f, verU. right ventricle. (After Hertwig.) 


the pulmon^ artery and, from the. 
cavum venosum, the right and lefil 
aortic arches. When the auricle^^ 
contract, the cavum venosum be-', 
comes filled with venous blood from 
the right auricle, the cavum arteri- 
osum with arterial blood from the 
left auricle ; the cavum pulmonale 
becomes filled with venous blood 
which flows into it past the edges of 
the incomplete septum. When the 
ventricle contracts, its walls come in 
contact with the edge of the septum, 
and the cavmn pulmonale is thus 
cut ofl from the rest of the ventricle. 
The further contraction consequently 
results in the venous blood of the 
cavum pulmonale being driven out 
through the pulmonary artery to the 


lungs, while the blood which remains 
in the ventricle (arterial and mixed) is compelled to pass out through the 
aorta. But in the Crocodilia (Fig. 501) the cavity is completely divided, so 
that there we may speak of distinct right and left ventricles. From the right 
arise the pulmonary artery and the left aortic arch : from the left the right 
aortic arch only. The right and left arches cross one anoth^, and where their 
walls are in contact is an aperture — ^the foramen Panizza — ^placing their 
cavities in communication. Recent work indicates that during s3rstole there is 
a considerable flow of blood from the right aorta to the left through this 
foramen. 

Mervoos System. — ^The brain of the lizard (p. 478) is fairly representative of 
that of modem Reptilia. It is in general more highly organised than the 
amphibian brain. The cerebral hemispheres exhibit a distinction into super- 
ficial grey layer or cortex containii^ pyramidal nerve-c^, mid central .vdiite 
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medulla, not observable in lower groups. The cerebral hemispheres are wdl- 
developed in all. 

The most striking feature is the predominant development <rf the basal 
structures, the corpus striatum, the septum, and the amygdaloid nuclei. The 
cortex, dorsally situated in the palUal region of 
the hemisphere, is not extensive, but is clearly 
differentiated into three areas : medially the 
hippocampal, laterally the p3niform, and be- 
tween them the dorsal or general cortex. The 
lateral or pyriform area is olfactory in function, 
but little is known of the fimction of the other 
two regions. There seems little doubt that from 
a functional point of view, the basal structures 
are by far the most important parts of the 
reptilian hemispheres. Their close connexion 
with the diencephalon (the thalamus and 
hypothalamus in particular) by the basal fore- 
brain bundles is evidence of this. Two commis- 
sures of the hemispheres are present : a dorsal 
or hippocampal and a ventral or anterior com- 
missure. These appear to correspond, at least 
in part, with the commissures of the same name 
in mammals, but in general the reptilian brain 
shows a much closer resemblance to the brain 
of birds than to those of mammals. 

The mid-brain consists dorsally usually of 
two closely-approximated oval optic lobes; 
rarely it is divided superficially into four. The 
cerebellum is always of small size, except in the 
Crocodilia (Fig. 373), in which it is compara- 
tively highly developed, and consists of a median 
and two lateral lobes. 

Organs of Speeial Sense.— In most Lacertilia, 
but not in the Ophidia, the nasal cavity con- 
sists of two parts — an outer or vestibule, and 
an inner ot olfactory chamber — ^the latter having the sense-cdls in its walls, and 
containing a turbinal cartilage. In the turtles each nasal chamber is divided 
into two passages, an upper and a lower, and the same hc^ good of the 
hinder part of the elongated nasal chamber of the Crocodiha. 

The vomero-nasal or Jacobson’s organ (Fig. 374) is praminent in Uzards 
(p> 481) and snakes. In each, the organ is separated &om die i^aotory cavity 
proper. It is best de^wloped in snakes, and m Uzards vdth a fiickuiig, bi^ 



Fig. 373 .— AiUgatar: Bnia aad 
oaniallMmB. From dorsal aspect. 
B, oi, olfactory bulb; G. p, epi- 
physis; HH, cerebeUum; Med, 
spinal cord; optic lobes; 
medulla oblongata; VH, cmbral 
hemispheres; 1 — XI, cranial 
nerves; x, d, first and second spinal 
nerves. (After Wiedersheim.) 
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tongue (e.g. Varanus). The tongue appears to pick up and convejr scent 
particles towards the organ. Just as sight seems to be of great importance to 
most lizards (which are often sexually dimorphic), so is scent to snak«, which 
are not. Jacobson’s organ is probably significant in court^p, en^y- 
recognition, and in tracking down prey. It has an extensive sensory area 
supplied by a large vomero-nasal nerve. In lizards and snakes most of the 
secretions from the lachrymal and Harderian glands find their way to the 



j ^*®^**^' Vomenmassl otaaii. Transverse section through snout of new>bom 

worm), c. J. o. cartilage of Jacobson's organ; de. dentary: d. J. o. duct of Jacob- 
gland; /. o. Jaco^n’s organ; 1. d. opening of lachryi^ duct; M. c. 
”**1 ”****JJ®* ’*“• nasal; «. cap. nasal capsule; n. eav. nasal cavity; n. s. 

VO. vom^ iw ’ '■ *■ ^ <**“*»* *®»*®*: 


lachrymal duct which ends near the outlet of Jacobson's organ. These secre- 
tions may have some special property concerned with its functum. In other 
^lotes excess tears are shed into the nose. Adult crocodiles have lost 
jMobson's organ. It is present in Sphenodon in a rather primitive form, 
where It is not unlike the condition in mammals. In dtelaotatM^ it is not 
separated from the nose. 

(Figs. 375) presents mmqr spedalisations. lizards 
1 chelonians. rely chi^ <ai moheodwr i>fe*>n. 

maeeons, too, are exceptional and possess pti1ia|tt the nuatl i^ble 
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eyes of all reptiles (Fig. 351. P- 5 i 9 )- These bulge turret-like, and each can be 
operated independently to a degree unknown in other animals. Tlie eyes can 
be ‘turned through 180° horizontally, 90® vertically, and one eye may be made 
to aim backwards while the other looks straight forward' (Walls). Thus, this 
heavily camouflaged, slow-moving lizard can look for prey in all directions at 
once and, although the lid-crater surroimding the small cornea restricts the 
visual field, the visual axis is long and the retinal image large. The remarkable 

power of convergence gives the 
centrally placed fovese a common 
binoculjur point of aim and ^ 
uncommonly good judgment 
distance for the astonishing 
swift protrusion of the adhesive 
tongue. Lacerta viridis, by com- 
parison, has only a 40° range of 
vision. The eyes of the sluggish 
Gila Monster (Heloderma) (p. 497) 
are fixed. 

A pecUn (pp. 481 and 595) is 
generally present. Internally 
the eyes of reptiles, other than 
snakes, are essentially like those 
of the lizard (p. 481). The eyes 
of snakes have many peculiari- 
ties, such as the absence of 
the scleral skeleton. In the 
chamaeleons there is a single cir- 
cular eyelid with a central ap>er- 
ture. In the greater number of 
geckos, some skinks and other 
lizards, and in all the snakes, 
movable eyelids have been re- 
placed by a spectacle, probaUy 
developed from the eyelid rudiments. In such forms the nictitating mem- 
brane appears to have been lost. On the basis of the structural peculiarities 
of the ophidian eye, which differs in many 'Nz.ys from that of other reptiles. 
Walls has argued that the snakes originated as burrowring creatures, and later 
emerged above the surface of the ground (see Fig. 375). 

Largely because of the profession of snake-diarmiog th«% is perennial 
controversy concerning hearing in serpents. The middle ear cavity is virtually 
absoit. A columdla auris (p. 361) occurs embedded in muscidar and fiteous 
tissue and attached externally to the quadrate. Thus, desjnte the piping 



Fig. 376.— Sphenodon: Piaesl appsxatu. g, 

blood-vessels; A, cavity of the eye filled with fluid; 
k, capsule of connective-tissue; /. lens; m. molecular 
layer of the retina; r. retina; st. stalk of the pineal 
eye; x, cells in the stalk. (From Wiedersheim, after 
Baldwin Spencer.) 
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the channer and the dancing of the cohra (or other species), it seracra lilcdy 
the make is insen ative to air-bome sound. Very probably it is optica^y 
influenced by the movements of the man and his instrument. Time is st^« 
gestive evidence that a rattlesnake, for example, cannot hear its own rattling. 
On the other hand, the attachment of columella to quadrate undoubtedly 
makes the snake highly sensitive to earth^borne vibrations such as approachii^ 
feet (see also p. 448). Thus most snakes secrete themselves long befene the 
approach of Man (see, however, p. 537). 

Developed in dose relation to the epiphysis there is in many lizards {Lacerta, 
Varanus, Anguis, Amphibolurus, and others), and particularly in Sphenodon, 
a remarkable organ — the parietal organ or pineal eye (Fig. 376) . This is situated 



Fic. 377. — OntaUiua: Specisl senm. Bushmaster (Lachesis muta) of tropical 
America. Note the vertical pupil (which probably protects dusk-sensitive 
retina from bright light) and the long forked tongue, which is functionally 
associated with the organ of Jacobson. (From photograph by Ditmars.) 


in the parietal foramen of the cranial roof just under the integument, and 
covered in the young (e.g. Sderopus) by a transparent scale (Eakin, Quay and 
Westfall). The pineal ejre is developed from a hollow outgrowth of the 
diencephalon in front of the epiphysis. The distal end of this becomes con- 
stricted off as a hollow sphere, while the remainder is converted into a nerve. 
The wall of the hollow sphere becomes divergently modified on o}^x»ite sides. 
The distal side gives rise to a lens-like thickening (/.). The proxim^ side forms 
a memlmme several layers in thickness — ^the raina (r.). The whole is encSosed 
in a cajmile of connective-tissue {k.). The nerve usually degenerates before the 
animal reaches maturity. It has been sometimes daimed, but net proved, that 
this oigan retains a photo-receptor funetkm in some modem reptites. The 
paired feuitd pUs that occur in pit-vipers (Ootaliase) (Flg« 377), but are 
absmt in the Viperime, function as thermoreceptors (Bullo^ and Cowles). 
A pit ooems between eye and i^riil and cemsists of two cavities separated 
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a membrane. These organs (and the pits in the maig[inal scales akmg tiw 
mouth of pythons and some boas) are supplied by branches of the trigeminal 
nerve. The apparatus perhaps helps the animals to locate precisely and 
attack warm-blooded prey. 

Endoerine Glands.— These fall into the characteristic vertebrate pattern 
(p- 147). possibly including the formation of a post-ovulatory cor^ hOeum in 
viviparous and ovoviviparous snakes and lizards. A substance resonbling 
progesterone has been extracted from the ovaries of ovoviviparous snakes and 
there is some evidence that, in at least one viviparous lizard {Hoplodacfylus), 
progesterone or its homologue may be involved in pr«g;iestational changes in the 
female tract. The hypophysis is necessary for the maintenance of pregnancy In 
cnaifpg There is evidence, too, that in some species ovariectomy is follow^ 
by foetal resorption in the early stages of development, but, at the same tim^ 
injection of progesterone does not prevent such effects as in mammals. It 
has been suggested, but not proved, that something not unlike the chorionic 
secretions of the Mammalia (p. 905) may take over in late pregnancy. 

if hfArAttftn . — In common with the 'higher' amniotes, the metanephros takes 
on the function of excretion. With the elimination of gills, and the cutaneous 
permeability that accompanied the final conquest of land, the kidney in the 
Reptilia assumed additional importance. Life depended partly upon con- 
servation of body-fluids. Glomeruli were reduced in size and vascularity. 
Excretion became uricotelic in at least some terrestrial stocks, including, 
apparently, that which gave rise to the birds. Such animals abandoned urea 
excretion, which involves considerable water loss. Uric acid, on the other 
hand, is comparatively non-toxic and insoluble, and is precipitated in the uro- 
dasum, the vital fluid being reabsorbed into the circulation and the now semi- 
solid or solid nitrogen compounds discharged as luates with the faeces. Among 
extant reptiles, the land snakes and lizards (to which water conservation is of 
great importance) retain drastically reduced glomeruli. Chelonians which have 
generally returned to water require no such protection and possess glomeruli 
very like those of typical anurans. 

The Crocodilia, snakes, and some lizards (e.g. Varanus) lack a urinary 
bladder. Most lizards, Sphenodon, and the chelonians possess one. This 
opens into the urodaeum. Aquatic reptiles, to whom water tetenti<m is less 
important, appear generally to excrete relatively large proportions of cmn- 
paratively soluble, and therefore toxic, urea and anunonia, and iittite uric acid. 
Perhaps significantly, the land-living European tmtoise Tssfudo groca excxetes 
principally uric acid. In the North American Desert Gc^hor ^opkerus 
agassizi) the accessory bladders developed in other tortoises are rediwed to 
tiny pouches which contain small amounts of urine. Ih tto, the waste 
nitrogen is held, not as soluble urea but as uric acid, 'vriiich be heta^Bed loar 
a considerable penod without ill-effects. In the case of owvVivi^iMOnslisasd^ 
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and Slakes, wlucii tetain a rdativdy impenneable it is adi^uitageotis 

to accrete embtycsic idtrogenous waste prindpally as insdiiUe uric add and 
not as die more toxic urea. 

There is evidence that females of some spedes use bladder-fluid to moistsi 
and firm the sand during nest-digging and possibly to moisten the eggs. 

Rspn>dlietI<Ml* — The description already given of the reproductive organs 
of the lizard (p. 483) applies, so far as all the prindpal features are concerned, 
to all the Lacertilia and to the Ophidia. 

In snakes and many lizards, however, a very distinct so-called sexual 
s^iment has been demonstrated in the male kidney. In Vipera berus the organ 
makes up almost half of the total kidney volume. The epithelium of the sub- 
terminal portion of each individual renal tubule (nephron) is sharply marked 
off into an area of columnar cells. No specific secretion has been demonstrated 
but the cells themselves are said to exhibit a cyclical activity that runs hand 
in hand with that of the secretory interstitial Leydig cells and the epididymis. 

A feebly developed corresponding segment occurs also in the female. 
There is no evidence that the sexual segment in reptiles is homologous with 
the sexual component that has been described in the kidney of certain fishes 
and urodeles. It has not been shown in Testudo. 

Anal glands are a characteristic of snakes. These lie at the base of the tail 
and dischaige into the cloaca. There is some evidence that their odorous 
secretion enables the sexes to locate each other. 

In the Crocodilia and Chelonia there is, instead of paired penes (Fig. 378), a 
median solid penis attached to the wall of the cloaca. A small process, the 
clitoris, occurs in a corresponding position in the female. Though fertilisation 
is always internal, most reptiles are oviparous, laying eggs enclosed in a tough, 
parchmoit-like or calcified shell. These are usually deposited in holes, and 
left to hatch by the heat of the sun. In the crocodiles they are laid in a rough 
nest. Turtles of various species lay from one to 300 eggs whidi they usually 
deposit in holes dug in the sand, often, in the case of marine species, on the 
beaches of remote tropical atolls after dark (Fig. 327)* 

Some lizards and snakes are ovoviviparous. Their eggs are enclosed in a 
thin membrane and retained in the oviduct during the developmental period. 
Diverse modes of parturitirm may have no taxonomic si gnific a nc e, for, within 
the genus Lacaix, one spedes, L. agtiis, is oviparous and am>ther, JL. vivipara, is 
ovoviiriparous. A few northern ovovidpanms or vivipar<xis flzards and makes 
are somdfanes ccunpdtol to hibernate bdore tiaelurth df th^ ybamg, wludi are 
thenruteh»edintheoviductuntilthefollowing^x#g. Some lizhids and makes 
(as weflasaoucie p. 278) have developed 3m!ksac, aasi/or cbbrio-aflantoic 
plaomtalhm. In such rutiles Hie eggs lie in expai^ed imcuhediiig tdumhm 
in A sm0e large artery and vt^ nms dotac^ along eadi 
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chambers. Where the arterioles break up into capillaries the vein is likewise 
joined by capillaries. Three types of primitive placentation have been 
described. 

The first is a simple anangranent whereby change in the maternal and 

embryonic einthelium allows the 



capillaries of the two blood-streams 
to approach each other (the lizards 
Lygosoma, Egemia, TUiqua, Ma>- 
buya, and probably Chakides and 
the snaVo Denisonia). A secpnd 
simple t5rpe involves the raisinc of 
the maternal capillaries into sn|all 
ridges which are pressed agaiist 
the chorionic ectoderm, Althot^h 
some pseudopodial processes from 
the embryonic tissue penetrate the 
maternal epithelium, the union is 
superficial and without real inter- 
penetration of parental and em- 
bryonic material (Lygosoma). In 
the third and most elaborate placen- 
tation, the oviducal wall is raised 
into a series of vascular folds in the 
form of an ellipse which is applied 
to a likewise elliptical area of 
thickened chorionic ectoderm {Lygo- 
soma, Chalcides). 

A remarkable post-partum func- 
tion of the yolk sac (see below) has 
been recently suggested in the 
V- European Adder (Vipera bents) 


Fig. 378.— OilHAa: Bilatnaloopolatoiy 
nsaai. The penes (so-called ‘bemh>ei^‘) 
of Vipera berus in ventral view with right 
organ artificially evaginated. On the left 
wde the ventral caudal muscles have 
been removed and the invaginated penis 
exposed by retraction, op. opening of left 
penial sac; c.gr. copulatoiygrapplM on right 
penis; It. penis, extending canduly under 
pin holding dissection flaps apart; U.r.mHS. 
large retractor muscle oi left penft: n*d. 
sept, median septum; pr, msst. prepulsor 
muscle; *. end of left penis and fflace <n 
insertion of large retractor musde, (Modi- 
fied after Vcfisoe.) 
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(Bellairs, et al). The yolk-sac. whidi remains substantial at birth, is retracted 
into the juvenile body cavity and may provide a source of energy for the 3mnng 
snake for the first eight months of its life, including the period of winter 
hibernation. 

The embryos of lizards and snakes possess a small e^-tooth which, 
when functional, is used to puncture and enlarge a hole in the egg-membrane. 
Two types of egg-breaker are known in amniotes. In lizards and snakes the egg- 
breaker is formed by a true tooth. This is composed of dentine and probably 
has an enamel cap. It projects forwards in the midline from the premaxilla. 
This structure — ^the egg-tooth — ^is present even in viviparous forms, though 
in these it may be degenerate. It is reduced, too, in ovoviviparous species, the 
young of which push through with the snout. The geckos are peculiar in 
having paired egg-teeth projecting side by side. In Sphenodon. chelonians, 
crocodiles, and birds there is no egg-tooth. In them its place is taken by 
a homy caruncle on the tip of the snout. Monotremes (p. 688) have 
both egg caruncle and egg-tooth though the latter may have little function. 
Among the marsupials mdiments of both structures have been found in the 
embryo. 

Development. — In all Reptilia segmentation is meroblastic, being confined 
to a germinal disc of protoplasm situated on one side of the yolk. Ttiis divides 
to form a patch of cells which gradually extends as a two-layered sheet, the 
blastoderm, over the surface of the ovum. The upper of the two layers is 
the ectoderm, the lower the yolk-endoderm. The latter is comparable with the 
yolk-cells of the frog, and the shallow space between it and the yolk represents 
the segmentation-cavity. As the blastoderm extends (Fig. 379), it becomes 
distinguishable into a central clearer area (area pellucida (a. pel.)) and a peri- 
pheral whitish zone (area opaca (a. op.)). On the former now appears an 
elliptical thickened patch, the embryonic shield (emb. s.), which is formed by 
the ectoderm cells in this region assuming a cylindrical form while remaining 
flat elsewhere. Behind the embryonic shield appears a thickening, the so- 
called Uastoporal plate or primitive knot. Cells invaginate through this region 
to form a mesochordal canal which rans in the direction of the long axis of 
the future embryo. The opening to the surface of the mesochordal canal is 
known as the blastopore (H. p.). This subsequently takes the form of a narrow 
slit, the notochordal canal, running in the direction of the long axis. The 
cavity of the invagination corresponds to the archenteron of the frog, and the 
cells lixung it are the notochord dorsally and the endodenn laterally ai^ 
ventraUy. The latter subsequently (Fig. 380) coalesces with the yiflk-endo- 
derm bdow the floor of the archenteron, and in this position an ape^ure is 
formed Uiton gh which the archoitextm opens freely into the shallow apace that 
lies between the yolk-endoderm and the ydk. It is fttmi the conumm cavity 
thus formed the Itunen of the enteric, canal is dedved, .At . a somewhat 
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earlier stage a thickening {pr. pi.) has appeared in the yolk-endoderm m the 
region which will give rise to the head of the embryo. TWs is the protochordal 
plate. It enters into intimate relationship with the notochordal cdls that 
roof over the archenteron and, when the floor of the latter becomes opened 



Fig. 379 . — A IHgaior: Dmlapmeiit. A , stage with embryonic shield, primitive knot and blas< 
topore; B, considerably later stage in which the medullary groove has become fonned, together 
with the head-fold of the embryo and the head- fold of the amnion; C, somewhat later stage with 
well-developed medullary folds and medullary groove; D, later stage in which the medullary 
groove has become partly closed in by the medullary folds and in which six pairs of protovertebrie 
have become developed, amn, amnion ; a. op, area opaqa; a, pel, area pehucida; Up. blastopom ; 
emb. s, embryonic shield; /. br. fore-brain; h. hr. hind-brain; hd,f, head-fold; m, hr. mid-lmin; 
med.f. medullary folds; prot. v, somites; pr. si. primitive knot. (Alter Clarke). 

out, forms with them a continuous plate. In this, the TOtochoid proper 
originates along the middle line. The mesoderm of all the in fnmt of 

the blastopore grows out from it at the sides. The apdetuxe of hnn^^iiation 
becmnes narrowed, and is eventually dosed by the apfitoxhnatkia nsd coal- 
esciOK^ of its edges. In the region in wfaidh the coateapenoe edges 

takes {dace there is for a time complete nnion of tilie layers, at in ^ 
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niTHODUCnON 

In many respects birds are the most highly specialised craniate class. 
Almost every part of their organisation is modified in accordance with 
aerial life. All birds possess feathers, and only birds possess them. The 
fore-limbs are modified as wings. The sternum and shoulder-girdles are 
strikingly altered and serve as origins for the great wing-muscles and the 
mechanical framework to support their activity. The pelvic girdle and hind- 
limbs have changed to support the entire weight of the body on the ground. 
The perfection of the respiratory system, enabling a more complete absorption 
of oxygen and the production of a higher constant temperature than in other 
animals, has come hand in hand with the evolution of incomparable powers of 
flight. Important negative characteristics of modem birds are an absence of 
teeth and the left aortic arch. The right ovary and oviduct have generally 
disappeared. The brain is of a highly specialised character. The elevation of 
the group from near the ground has allowed the olfactory apparatus in most 
species to degenerate, and this has been accompanied by an extraordinary 
enlargement of the eye, and enhanced efficiency in vision. Despite the general 
validity of the old assertion that birds are essentially glorified reptiles, the 
above series of strongly-marked characteristics are hardly equalled in distinc- 
tion in any other dass. Moreover, the organisation of existing birds is, in its 
essential features, singularly uniform. Even taking flightless types into con- 
sideration, the entire class presents less diversity of structure than many 
single Of den of fidies, amphibians, and rutiles. 

Although fossil forms have been found that possessed teeth, feathers, the 
peofliarly avian synsacrum, and a long reptilian tail, the exact ancestry of 
birds is not yet known. Avian fossils are comparatively rare for mainly three 
reasons. In the first place, flight renders bids less likely to be bogged or 
drowned and embedded in silt. Secondly, birds that die on dry land or sea 
are usually eaten by predators, and have the hard parts scattered before 
inundatim. Thirdly, 4e generally pneumatic bones of birds, thoni^ possess^ 
of great tenrile strength, are apparently less dur^le than those ol other 
groups. 

Probably the best that ^ be at presort said with certelinty b dnt the 
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is derived from a stock of Mesozoic archaeosaurian bipedal reptiles 498). 
The reptiles most closely allied to the birds appear to be the dinosaiirs (p. 507) : 
certainly both groups had a commcm ancestry. The ancestral birds develop^ 
a feathery or feather-like covering probably first as a heat-conservation device 
(like the fur of mammals), and later as an aid lo flight wlule gliding from trees 
or while volplaning off the ground at speed (p. 503). 

The upper Jurassic genus Archaopteryx (? = Archaomis), by a lucky 
accident of petrifaction in fine-grained lithographic limestone, is available in 
fossil form, even including exquisitely preserved feather-structure. These small 
(crow-sized) birds provide, as does Seymouria (p..4«7), splendid examples of 
mosaic evolution, i.e. the possession of well-developed characters thorouwy 
typical of both groups between which the animal is transitional. | 

Thus, Archeeopteryx had the following reptilian characters : a long tail^of 
many (zo) free vertebrae, simple articulation between vertebral centra, sh^ 
sacrum (of six vertebrae), separate metacarpads, clawed digits on the fore- 
limbs, separate metatarsals, simple ribs and gastralia, and simple brain with 
long, narrow cerebral hemispheres and small cerebellum behind the optic 
lobes. At the same time it had the following avian characters: feathers 
which were identical in structure with those of modem birds, arm-feathers 
arranged in an identical way, a furcula formed from fused clavicles, back- 
wardly projecting pubes, and an opposable hallux on eadh foot. There was 
no obvious trace of a sternum in the fossil specimen of either Archeeopteryx or 
Arckeeomis. However, by means of X-ray examination, de Beer has now 
shown that in the former it was flat and bony, and that it therefore accords 
with other features revealing that in life Archeeopteryx was incapable of flapping 
flight and must have used its wings to glide from the branches of trees 
(Fig. 414. p. 599). 

The subsequent development of true flight, as distinct from the occasional 
gliding that is found among fishes, amphibians, reptiles, and mammals (exclud- 
ing the true flight of bats), mabled birds successfully to ex^doit a new environ- 
ment and to radiate rapidly into one of the most successful groups modem 
animals. 

Bxtant flightless birds are all descended from true fliers. However bene- 
ficial flight is in escaping enemies and for the explmtation of both sea and 
land, it has nevertheless beai lost independently in a number ctf groups. 
The 'older' paheognathous birds (cassowaries, Emu, Ostridi, rheas, kiwis, 
moas, tinamous, and others) have all become flightless exoqrt the tinamous. 
The penguins (apparently an early offdioot from flying birds jpetands and 
albatrosses) have likewise become flightless. Amcmg the more 'modem ’ 
Neognathae many members of various groiqis have also, in ofcmun- 

stances, lost the ability to fly. A classical was reocoti^ ei^Sguished 
Great Auk or Garefowl (Alca impermes), a Razmbfll-^ mk wimse sringp 
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becsnae converted to padcBes not tudike those (rf pengums: * 
of convngent evoluticHiu Several species of raila liave beoisne eart&'lictH^ 
likewise gallinnles (of which one fli^tless type. Noiomis mtmkOi. ii&SL eorvives 
in southern New Zealand). There became flightless, too, at least one^edes of 
grd>e (Cmtropdina of Lake Titicaca, in upland Peru) and a cmmorant (ATsf*-^ 
noptmm of the Galapagos). Several ground-dwelling pigeons have ceai^ to 
fly, with a concomitant d^enerati(m of wings and pectoral apparatus. Oas|^ 
cal among these is a group of recmtly extinguidied species which inhabited 
islands of the Indian Ocean. These were the awkward, swan-sized Dodo 
{Didus ineptus), which was common in Mauritius until the late 17th century, 
the Solitaire {Pezophaps solitarius) of nearby Rodriguez, and the White Dodo 
(D. bonbonicus) of Reunion. Representatives of other orders, including even 
parrots (e.g. Sirigops kabropHlus or Kakapo of New 2 ^and), also became 
flightless or almost so. 

The reduction or complete loss of flight has often taken place in spedal 
circumstances in which the absence of predators has made ffight no longer 
greatly beneficial. Oceanic islands, to which carnivorous mammals could not 
penetrate, have often been a nursery of flightless birds. The abandonment of 
flight allows a reduction in wing size, and often the assumption of a btdk 
greater than the musde mass of any flyiirg bird could possibly lift. Likewise, 
an increase in egg-size is possible. Once it becomes flightless, a bird must 
stay that way and remain at the mercy of later, more ferocious arrivals, includ- 
ing partkulaily predators introduced by Man. The flightless dodos, rails. 
Great Auk, and many others almost all vanished at the onslaught of Man and 
his domestic animals, although it is possible that some were already fading 
before the Europeans began to circumnavigate the world. A remarkable 
survival is the Tooth-billed Pigeon (Didunculus), which was in Samoa a ground- 
nester rapidly approaching extinction. It, however, still could fly. It b^;an 
to nest in trees and has survived. Of the flightless ‘ratite’ (raft-breasted) 
species sudi as moas, kiwis, ostriches, rheas, etc., only those that are rigidly 
protected {e.g. kiwis) or large, powerful, and dusive {e.g. cassowaries. Emu, 
and the Ostrich) survive in considerable numbers. 

As long as a bird remains a good flier it caimot becmne very large ; it is 
probable the size-limit for flying birds has been almost readied several 
times {e.g. paeons, turkeys, birds-of-prey (p. 615)). Effident flight xeqmres 
a large surfooe-mass ratio. It is s^Tiiflcant that the heaviest of the 
birds that are almost constantly on the wing (albatrosses, vultures, eatgies) are 
soarir^ fliers which make very considetable use of long wings and nsmg air- 
currents. The horvy Mute Swan (Cygmis <^) is unalfle to tdce off firam the 
surface cff a pond on a still day. A twdve<utone aagd with pectoral 
musifles mdy as efBcient ea the very i^Bcient nnisdes-ol Inids wmihi be feoed 
with rfifiRgBlties. Ceito^y^Mere would be nondwre 
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to house the relatively enormous musde-mass required to get it airborne and 
to keep it so (p. 582). 

Bird-flight, like any other, depends on the interaction of forces between 
the wings, the tail-rudder, and the atmosphere. Two principal forms of flight 
and flapping— exist. The first is relatively simple, yet still incom- 
pletely understood. All flapping birds {e.g. swallows) use gliding flight to some 
degree. Except when taking off and landing, the gliders ride almost exclusively 
on thermal air currents rising from the earth {e.g. birds-of-prey) or on perhaps 
more or less horizontal air-currents above the ocean (petrds, albatrosses). 

The pectoralis major muscle (p. 580) is the chie^ tpotive force in the pow^ul 
down-beat of the flapping wing. This muscle is especially heavy, poweml, 
and copiously supplied with blood in flapping fliers. In tUs sort of ffight mot 
only streamlined'^ng-shape, and the principal up-and-down movements, put 
many essential subsidiary actions, involving individual groups of feathers apd 
the tiny bastard-wing (p. 566), play a part. While a wing is actually beating, 
its shape, due both to muscle movement and to feather arrangement, is con- 
stantly changing. These influences, and postures, differ according to whether 
the bird is taking off, gliding, flapping, or landing. To a great degree, too, 
they differ according to the special modes of flight of individual genera. Thus, 
the heavy, though swift, flapping flight of swans ; the delicate hovering of a 
Kestrel ; and the alternative backwards-and-forwards flight of a humming- 
bird vibrating before a flower — all call into play different structural com- 
ponents. In humming-birds which can fly backwards a little, as well as hover 
for long periods, the up, as w'ell as the down, strokes are powerful. (An analogy 
is a sculled boat compared with one that is rowed.) The supracoracoideus 
(so-called pectoralis minor) muscle of humming birds has almost as great a 
mass as the pectoralis major. The wings beat at a rate of more than 50 per 
second. The astonishing activity of these tiny creatures (some of which are 
less than 3 inches long and weigh only 3 grammes) involves a respiration rate 
of about 250 per minute (domestic fowl 30). The heart-beat of many small 
birds under stress or excitement exceeds 800 (domestic fowl 300). The temper- 
ature of passerines (p. 582) usually ranges from 102° to iii° F. (see also below). 

The enormous surface in relation to the tiny mass o|.some humming-lnrds 
has made it necessary for them to evolve special behavioural and metabolic 
mechanisms to enable them to survive at night, since they are strictly diurnal 
f^ers and therefore cannot replenish body-fuel after dark. By day, humming- 
birds have by far the highest metabolic rates (as measured by oxygen consump- 
tion in relation to mass) of all vertebrate animals. This metabc^ rrte, of 
course, goes hand in hand with a relatively enormous mgestioQ and cwn- 
bu^(ni of fuel. One species, studied in a Califomiaa laboratory, was observed 
to-increase its feeding ratio about an hour before ni^-fall. Then the animal 
pnched, and went into a state of toqndity in whidi its melahr^ 3tate 
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dropped sharply, and its temperature eqvudled that of the wivironaaent. A 
few humming-birds that inhabit cold places — e.g. the hi gh Andes— sure stud to 
retreat at night into caves. A North Americam night-jar, the Poqr-mll 
{PhalaHoptilus mtttaUi), undergoes true hibernation involving a juralonged 
winter torpidity at reduced body temperature. 

Under experimental conditions the Poor-will, Anna Humming Inid {Aero- 
natUes saxatilis), and the White-throated Swift {Micropus apus) will reduce their 
body temperature and become torpid (Bartholomew, et ed.). A Poor-will 
became torpid at g-s” C. and its body temperature fell to 4"8® C. The bird was 
aroused by gradually increasing the external temperature to 22° C. Several 
hours passed before the bird became fully active, but in a well-camouflaged 
species such slow recovery may not be disadvantageous. Humming-birds 
recovered rapidly. Reduced body temperature and torpor reduce energy 
consumption, and are associated with high metabolic rates during activity 
(humming-birds) or survival during long intervals of fasting (swifts and Poor- 
will). 

The speed of birds, like their longevity (p. 562), has been greatly exag- 
gerated, and few exact data are available on either. Most passerines (perching 
birds) of the size of a sparrow fly relatively slowly (15-35 miles per hour). 
Even the Carrier Pigeon averages no more than 50 miles per hour, but swifts 
{Apus) are believed to travel at between 60 and 90 miles per hour in short 
bursts. 

The remarkable respiratory rate, oxygen consumption, and high tempera- 
tures of small flying birds result in a nervous and muscular efficiency that 
makes possible the seemingly tireless activity that is one of their most envious 
characteristics. Heat generated by muscle activity is conserved principally 
by the relatively non-conducting plumage, which, in times of reduced tempera- 
ture, can be erected by a mechanism essentially similar to that which achieves 
pilo-erection in mammals (p. 683). But even thickly plumaged birds must 
(like all animals with a large surface and a small volume) eat enormously in 
order to replace the body heat that is continuously flowing away. Tbus, in 
countries with severe winter, birds that do not migrate die in great numbers. 
A few species such as swallows {Hirundo), bee-eaters {Merops), and Australian 
wood-'swallows’ {Artamus) have developed a curious secondary conservation 
device— the 'clustering’ habit of clinging perdied together in dozens with cmly 
wing- and tail-tips exposed, to conserve heat for a few days until the prbbaUe 
advent of warmer weather. In recent severe winters swanning, sleeping 
swallows have be^ sent south over the European Alps by a^oplaae in artificial 
migration to save their lives. 

The c(fi<nusation by turds of areas too cold to suf^Mit reptiles has been 
made po^ble partly by the devd(^mmt of ^eir habit of incubuiioit by 
the ohbryo is kept, at an af^rt^^n^te temperati^ by hpat from the tnooding 
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biid's body. In neognathous species a special adaptation in the lotm of bate, 
heavily vascular ventral f a ci l i tates the transfer parental 

heat to the eggs. The seasonal devdopmait of brood-patdies ia under hor- 
monal control, and apparently involves a synergism between jnolactm from 
the anterior pituitary gland (p. 150) and oestrogen from the ovary (p. 598). 
Several days before incubation begins, specific ventral areas shed their feathers 
and become richly vascularised. After the young fly the skin returns to the 
pre-nuptial condition. 

A few tropical and sub-tropical species have reverted, with specialisations, 
to the reptilian habit of burying the eggs. Thus, .tjye megapodes of Austr^ia, 
New Guinea, and adjacent Pacific islands scratch together piles of decaying 
vegetation and therein lay their eggs. Some of these incubators, addeq to 
over the years, ultimately reach a height of 20 feet. The heat generated \by 
the fermenting vegetation combined, in some species, with direct solar hel^t, 
incubates the eggs. The Australian Mallee Fowl, Leipoa ocdlata, controls the 
temperature by altering the amount of covering material. In most species 
there is no such regulation by the parents. Some species lay their eggs in warm 
volcanic earth, while others depend on solar heat, burying their eggs in tropical 
beaches. Young megapodes are precocial, i.e. they are able to leave the nest 
and take care of themselves from the time they are hatched. 

All small birds are perilously dependent on day-to-day food supplies, and 
a few species, including particularly the European Nuthatch {Sitta), gather 
stores for the winter as do certain mammals. Very young birds are particu- 
larly susceptible to low temperatures, being almost poikilothermous (p. 386) 
and in high, or even in temperate, latitudes are often in danger of freezing or 
starvation. The breeding season in non-tropical species is ‘timed* to coincide 
with relatively high temperatures and abundant supplies of food for the young, 
although a few birds {e.g. Emperor Penguin, AptenodyUs forstm) have evolved 
special anatomical and behavioural mechanisms that enable them to breed 
during mid-winter. Very young birds of some species are compdled to eat 
the equivalent of more than half their own weight in food per day in order to 
satisfy their metabolic requirements and keep warm. Not only must the food 
be sufficient in quantity, but it must also contain essen tial amin o-acids. ‘Thus, 
most vegetarian species give their young at least a partially insectivorous diet 
during the early stages of growth. Pigeons, which produce proteinotts crop- 
‘milk* (p. 583), are among the few species tiiat can often successfully n^xoduce 
during autumn and winter. 

Juvenile mortality in birds is extremdy high, but (mce maturity is reached 
some species Uve to a considerable age. An Eagle-owl (Bubo) lived in ciptivity 
to the age of sudy-eight, and a Suiphnr-ovsted Cocki^m XiCeibrlds) to flfty-* 
Eagles, pdicans, and condors (Vuiftwr) have lived lor more fifty 
years and gulls, geese, and jfigemis to between’ thirty aiidlfiot^»H' A'gwat 
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Fio« 381. — Am: EpigaiBie The basic structure of the feather lends itself to diversi- 

fication both in gross form and in microscopic structure, the latter sometimes producing weirdly 
beautiful 'interference* effects. Birds of widely different classes possess spectacular specialisa- 
tions: e.g. the covert- {not tail-) feathers of the Indian peacock (Pave), and the l3rre-shaped 
feathers of Australian Menura; the racquet-tails of certain New Guinea Kingfishers (TanysipUra ) ; 
the traiUng wing-plumes of the African nightjars Macrodipteryx and Cosmetamis^ and so on. It 
is in the Paradiseidae (New Guinea and Australian rain-forests) that epigamic specialisation (in 
males only) reaches its most astonishing extremes. Birds-of-paradise range in size between tlmt 
of a thrush and a small p^eon. The selection of males above (not to scale) is as follows : 

1. Ribbon-tail {Taniparadisea meyeri). The white, dark-tipped tail-feathers, relatively ^he 
longest of any bird, were procured by Europeans from the head-dress of a stone-i^^e Melanerian 
and were sent to the U.K., where they were found to be so characteristic that a new species could 
be described while the rest of the animal was still unknown. The bird is coloured green, purple, 
black, copper, brown, and white. 2. Superb {Lophorina suporba). Principally metallic green 
and velvety black. 3. Tvrelve^wired {Seieucidis mslawdoucus). Metallic green, dark glossed with 
purple, yeuQiw flank-plumes (with shafts recurved), and brilliant red legs. (In the museum skin 
the y^ow commonly fades to white.) 4. Sunset {Paradisea apoda). Chestnut, green and 
yellow, with gc^en plumes. This was probably the first species to reach Europe. No legs 
remained on tile rough, native-preserved skins; hence Linnssus* specific name, and the sailors' 
legend (Ofriginating in the sixteenth century) of heavenly birds that came to earth only upcm their 
death. 5. Blne-mrd (Paradisomis rtuMphi), Vivid blue, velvet black, and maroon. This, 
perhaps the loveliest of all, was acquired (but not collected) by Finsch and Meyer, who quickly 
named it after * the high and mighty protector of ornithological researches over the whole world * 
who was later to hk career at Mayeriing, fi. Enamelled {Pteridaphorn aiberti)^ The 

twin head-pliii|ks have pale blue enamel-like 'fiaps* projecting from the outer side of the shaft. 
The rest isVtlvet blade, y^ws, and brown, f. Kaw {CidnmmtB r^m). During display the 
emeriOd^tippad peetotd fansare wrected, the snowy ventral l^th^ are fluKed, and/the 'metal- 
lic* gieen-^^iped tail wires are swung forward over the erimsofi head. The amle-green guflet is 
meanttiiifeexpoeed; andthelegaafeolue, A principally vdvet- 

black. wHh ashoft glittering ciw and a peculiar bronseandr^lute ton above the nostrils. Large 
eiectilglfedlwAsfSm The six head {dhneies aie moved during 9. Renub- 

hcan described by Prince Boswi^esla. The Asce is black am the head is bare 

and blue;" ^ naj^ is imow, the back crimson, and Ihtre Is a laige emerald-ccfibured breast-plate. 

(Redmwaalbk mdale ^ 
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variety of birds have lived for thirty years in captivity. The greatest recorded 
age at liberty (determined by ringing) is that of a Black-headed gull (Lanw) 
at twenty-five. The most controversial, and doubtless fictitious, age of any 
individual bird is the 120 years attributed to the celebrated sulphur-crested 
‘ Cocky Bennett ’, for many years an institution at a public-house at Tom Ugly’s 



Fig. 382. — Avas: Sanial and aggression diq^lay. The scintillating blue-black male Satin 
Bower-bird {Piilonorhynchus violaceus) of the forests of Eastern Australia builds an avenue-like 
display ground or bower which faces north and south. At one end he accumulates with great 
discrimination display objects broadly matching the colours of rival males. With these lie 
performs a noisy flashing display that attracts a female and repels rivals. This is ]>robably 
partly a displaced combat-drive. The male paints the inner walls of his bower with a mixture of 
^charcoal ground up with saliva, or with pulped fruit, or other material. A sfiecial bark tool (see 
also Fig. 426, p. 621) is made for use in the plastering operation, which may be of the nature of 
displ^ed courtehip fading. After some weeks of male display, the-^atching female adopts a 
specific squatting position in or near the bower: this constitutes a sign -stimulus which leads to 
forest has become seasonally full of the insect food on which the young 

Point, Sydney. Year after year pictures in avicuitural and other journals 
showed this venerable bird with a -grossly overgrown beak and a body almost 
completely devoid of feathers. He was extremely voluble, his favourite utter- 
ance being : ‘One more bloody feather and I’ll fly ! ’ He emne to a. much- 
lamented end in 1916. Investigation showed Ms authentic Mstory W cover a 
m^ twenty-six years, although he was unquestionaMy somewhat tdder. , 
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Hie behavioural activities of birds, however intdligent some ^qiedes seem to 
be, are mostly reflex in character and essentially under the control of envizon> 
mental evente (induding activities of the opposite sex) and the intemal hcn- 
monal condition of the individual. For examjfle, a parent passerine bitd wi& 
work desperately to satisfy the squeaking, gaping maw of a young cuckoo and 
pass unheeding her own ofispring, whicdi, thrown frcnn the nest by the paradte, 
lie d3dng in full sight a foot or so below. Her inherent urge is to feed a ncosy 
coloured gape in the nest. The urge to seek, obtain, and defend territory is 
inherent and dqiendent upon the secretory condition of the testes. The same 
is true of display, which in birds reaches unparalleled beauty and complexity, 
and involves {e.g. in birds-of-paradise (Fig. 381)) the exhibition of epigamic 
plumes of sometimes almost indescribable beauty, and sometimes (in bower- 
birds) the building of special structures which are enhanced with coloured and 
otherwise distinctive objects (Fig. 382). At the same time ‘in some contexts 
it is doubtful whether birds are exceeded in learning ability by any organisms 

other than the highest mammals In their powers of coordinating their 

sense impressions for purposes of orientation . . . they appear supreme’ 
(Thorpe). 


DISTINCTIVE CHARACTERS AND CLASSIFICATION 
Aves are Craniata in which the epidermal exoskeleton takes the form of 
feathers over the greater part of the body, of a rhamphotheca or homy sheath to 
the beak, and of claws on the digits of the foot and sometimes of the hand. 
In the standing position the body is entirely supported on the hind-limbs, the 
articulations of which are thrown forward. The fore-limbs are modified to 
form wings, usually provided with large feathers for the support of the body 
during flight* The cervical and free thoracic vertebrae are usually hetero- 
coelous, but may be procoelous or amphicoelous. The sacrad vertebrae are fused 
with the lumbar and with more or fewer of the posterior thoramc amd anterior 
caudal to form a synsacrum for the support of the ilia. The posterior caudad 
vertebrae aure usually fused to form a pygostyle around which the tail-quills aure 
arranged in a semicircle. The bones of the skull undergo early amkylosis. 
There is a single, rounded, occipital condyle. The united premaodllae form 
nearly the whole of the upper jaw. The lower jaw is competed originally of 
five or ax bemes in each ramus, and is supported by a fredy airtictdated 
quadrate. The vertebral ribs are double-headed, provided with bony 
undni, and articulate with the bony sternal ribs by synovial joints. The 
sternum is br<^, and b typically produced into a longitudinal vaitral. ked, 
fiaving a separate centre of ossification. The keel may j>e partbRy or com- 
pletdy aborted. The coracoid is usually more or less pillar-like, scapula 
is sal^^aped. and the clavicles and interclavide unite to farm a furcula. 
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Except in one extinct species the distal carpals and the metacaipals at« v^ted 
to form a carpo-metacarpus. There are usually only three digits in the wing, 
which probably represent the first, second, and third of the typical lumd. 
The ilium is of great size, having large pre- and post-acetabular portinas. 
The acetabulum is perforated in the dry bone. The pubis and is^irnn ate 
directed backwards and, except in one case of each, tiiere is neither pubic 
nor ischiatic symphysis. The head of the femur is at tight angles to the shaft. 
The proximal tarsals are fused with the tilna to form a tibio-tarsus. The fibula 
is much reduced. The distal tarsals are fused with the seccnd, third, and fourth 
metatarsals to form a tarso-metatarsus ; the first iqptatarsal is free. The 
digit of the typical foot is absent. 

In all Tertiary and Recent birds teeth are absent. The 
frequently dilated into a crop and the stomach is usually divided into 
ventriculus and gizzard. The junction between the large and snudl 
is marked by a pair of caeca. The lungs are spongy and non-distensible. The 
bronchi give off branches whidi open on the surface of the lung into thin- 
walled air-sacs, and these in their turn usually communicate with pneumatic 
cavities in more or fewer of the bones. The voice is produced in a syrinx 
situated at or near the junction of the trachea with the bronchi. The heart is 
four-chambered, the right auriculo-ventricular valve is muscular, and the right 
aortic arch alone is present in the adult. The rmal portal s}^tem is reduce. 
The red blood-corpuscles are oval and nucleated. The temperature of the 
blood is high (p. 558). The optic lobes are displaced laterally owing to the 
meeting of the large cerebral hemispheres and cerebdlum. The lumbar 
region of the spinal cord has a sinus rhomboidalis. The olfactory organ is 
usually poorly developed. The eye is usually large, and has sclerotic plates 
and a relatively substantial pecten. The ear has a large curved cochlea, and 
a columella. The kidney is three-lobed, and is devdoped from the meta- 
nefdiros, the mesonephros undergoing atrc^hy. There is no urinary bladder. 
The ovary and oviduct of the right side are more or less completely atrophied. 

Birds are all oviparous, and the large ovum, containing much food-ydk, 
becomes invested with albumen, a double shell-membrane, and a calcareous 
shell, in its passage down the oviduct. The embryo an atrunon, an allan- 
tois, and a large yolk-sac. The newly-hatched young may be able to run or 
swim and to obtain their own food, in which case they are ssud to be precodal 
or nidifugous ; or may be more or less naked and dq>eniient for a thnc upon 
the parents for their food supply, when they are aUrkial or nidkalouSi 

There is no general agreement with regard to the dassificatiOO 'dt birds. 
Owing to the singular uniformity of the class in essmtial matten ^tteucture, 
and its vast diversity in detail, avian classification is a matter of great difficulty. 

The ft^owing scheme is perhaps as good as any 
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CLASS AV» 

Svb-dMii MImmiSXIm 

Otiar Ax^»oiit«ri^<»mes (Jnrassic) 

SSb-dMi NeomltlieB 

Stqp«r-oid«r Odontognaths 
CMm HesperomltiiifOTmes (Cretaceous) 

IditibyOTittliifwmes (Cretaceous) 

Si^-order PalsBognsthse 
Orders SCruthfamilOTines (Pliocene-Recent) 

RhdfiHmes (Pliocene-Recent) 

CasnaiWormes (Pleistocene-Reccnt) 

Aptwygiformes (Pleistocene-Recent) 

Dtnomltldformes (Pleistocene-Recent) 
jEpyomltililformes (Oligocene-Recent) 

Tfnamiformes (Pliocene-Recent) 

Super-order Impennee 
Order S^henisellormes (Oligocene-Recent) 

Super-order Neognathee (Cretaceous-Recent) ‘ 

Orders GavUlonneSy' PodMpiflfomies, Proeellariifomies, Peleeuii- 
formes, deonOformes, Anseriformes, Falooniformes, 
n^iuf iunmg, Grufformes, CharadrUformes, Diatrymtformes, 
CdumUformeSy PstttaeiltHrmes, CueuUfOTmes, Stilgiformes, 
CaprlmuiglfonneSy Mleropodifonues* CoUiformeSy Trogoni- 
loruMSy CoraoOlormes, Pkdformes, PasserlfMmes. 


EXAMPLE OF THE €3LASS.—THE COMMON PIGEON (COLUMBA 

LIVIA< par. DOMESTICA) 


The Common, or Domestic Pigeon is known by many varieti«, which 
differ from one another in size, proportions, coloiatitm, mid detaib in featlur 
arraagemmit. The pouter, fantail. and tumbla: illustrate extreme forms 
whidi have by. artificial selection. These quaint monstors have been 

produced by breeders vbo selected, generation after gmeratirm, individuals 

which most nearly attained to some artatrary standard of perfection, bred fn^ 

them and nfff ' strains. In the same way ^ Carrier 

Pigoui was brad for'ipeed and stamina. It ft probable that the wUd ancestral 
species whsch aQ these domestic breeds have arisen ft the Rode IHgeon 
{Cohmkt Uvia). vAidi is widdy distributed in the Pabearctic and Oriental 
regions. - ■-fbt ' 'duseription retes especially to the common Dovecot 


^ «» V- 555..*d«*iyay or metowi hWwpy of iwKtom 
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Pigeon, which, although often feral, restricts itself to cities and so retains it? 
association with its creator, Man. 

External Characters. — ^The head (Fig. 383) is small, with a rounded cranium 
and prominent beak covered with a rhamphotheca or homy sheath. The head, 
the long mobile neck, and trunk are invested in a close covering of feathers, 
all directed backwards and overlapping one another. 



'j\j 


Fig. 383. — Sub-class NeomithAS« Super- 
>rder Neognathae* Order Passeriformes. 
Columh0 firlo. Domestic Pigeon » from the 
left side with most of the feathers removed. 
ad» rmx, ad-digital remex; a/, sp. ala 
spuria; an, anus; au, ap, auditory ap^ure; 
cb, rmg, cubital remiges; cr, cere; dg. i, 2, 3 , 
digits of manus; dg. x^ 3', 4', digits of pes; 
hu. pt. humeral pteryla; Ig. ligament of 
remiges; tnd. dg. rmg. mid-digit^ remiges; 
ua. nostril; net. m. nictitating membrane; o. 
gl. oil-gland; pr. dg. mig. pre-digital remiges; 
pr. pigm. prepatagium; pt. ptgm. post- 
patagium ; ret. mesial jprectrix of right side ; rcV. 
sacs of left rectrices; sp. pt. spinal pteryla; 
ts. mtts. tarso-metatarsus; v. apt. ventral 
apterium. 


Upon removal of the feathers it can be seen that the trae tail is a short, 
conical projection of the trunk, known as the uropygium, which gives origin 
to the series of large feathers — rectrices — {ret.) to which the word ‘tail' is 
usually applied. On the dorsal surface of the urc^gium is a papilla bearing 
on its suimnit the opening of a preen, coccygeal, or oil-gland {o. gl.). This is 
the only integumentary gland found in birds. The skin is dry and no sweat- 
glands are present. Thus, birds cannot cool themselves by the principal 
means available to the Mammalia. In hot weather they do so by panting cs 
do dogs, which also lack sweat-glands, except hi specialised nghm^ the 

nose and the soles of the feet 

Connected with the lungs of birds are an^-epaces which are. lwdesp?ead 
throu^out the body (pp. 586. 589), and these are no doubt involved ih the 
Joss of body heat upon the operation of the panting reflex. too, a 
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certain amount of heat is otherwise lost by radiation, convecttmi, and oonduC'- 
tion, by removal via the faeces, and by the evaporation of moisture from the 
epithdial surfaces of the tongue, and the buccal cavity, A vasmnotornarVous 
system helps regulate heat loss. If the external temperature rises, the prai- 
pheral capillaries dilate, allowing the loss of heat. If it is depressed they 
constrict, with the result that heat is conserved. An apparatus (p. 559) 
probably broadly similar to the pilomotor mechanism of marnTnals also exists. 
The skin contains nerve-endings and the papilla of each feather has its own 
nerve-processes. 

The wings show the three typical divisions of the fore-limb : upper arm, 
fore-arm, and hand (p, 583) ; but the parts of the hand are closely bound 
together by skin, and only three imperfectly-marked digits, the second (dg. 2) 
much larger than the first {dg. z) and third {dg. 3), can be distinguished. In 
the position of rest the three divisions of the wing are bent upon one another 
in the form of a Z ; during flight they are straightened out and extended so 
that the axis of the entire wing is at right angles to that of the trunk. On the 
anterior or pre-axial border of the limb a fold of skin stretches between the 
upper arm and the fore-arm ; this is the cUar membrane or pre-patagium {pr. 
pigm.). A similar but much smaller fold extends, postaxiaUy, between the 
proximal portion of the upper arm and the trunk ; this is the post-patagium 
{pt. ptgm.). 

In the hind-limb the short thigh is closely bound to the trunk, not standing 
well out as in a reptile, but directed downwards and forwards ; the long shank 
extends from the knee downwards and backwards. The foot is clearly divisible 
into a proximal portion, the iarso-metaiarsus {ts. mtts.), and four digits, of 
which one, the hallux {dg. x'), is directed backwards, the others, the 2nd, 3rd, 
and 4th of the typical foot, forwards. The entire hind-limb is in a plane 
parallel with the sagittal plane of the trunk. 

The mouth is terminal, and is guarded by the elongated upper and lower 
beaks ; it has, therefore, a very wide gape. On each side of the base of the 
upper beak is a swollen area of soft skin, the cere {cr.), surrounding the nostril 
(na.), which has thus a remarkably backward position. It has been suggested 
that the cere may be an exteroceptor organ, but theire is no experimental 
evidence that this is so. The eyes are very large, and each is guarded by an 
upper and a lower eyelid and a transparent nictitating membrane {wd. m.). A 
short distance bdiind the eye is the auditory aperture {au. ap.), concealed by 
auricidar feathers and leading into a short external auditory meatus, closed below 
by the tympanic membrane. The anus or doacal aperture (<m.) is a large, 
transvfflsely-doiigated ap^uie {daced on the v^tral surface at tlK juncdon 
of the uix^ygium with the trunk. 

SxQpk4«t«l.-~rinre exoskeleton (induding the featheas^ is purdy ^^ndermal, 
like thd of* liaadiSi. whkh also resemble Htds in possessii^ pautectlr^ homy 
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scales. These cover the tarso-metaiarsos and the four dii^ts of tile foot fiadbi 
digit of the foot is terminated by a daw, which is also a homy {nodud: of tiie 
epidermis. The rhamphotheca is of the same nature. 

A feather (Fig. 584) con- 



sists of a hollow stalk, the 
calamus or quill, and an ex- 
panded distal portion, the 
vexittum or vane. At the 
proximal end of the quill is a 
•small aperture, the it^erior 
umbilicus, into which nts a 
small conical prolongatim of 
the skin, the feather pafMa. 
Here each feather has its own 
basal musculature which ' en- 
ables its erection in fUght, in 
cold weather (avoiding heat 
loss) and at times of emotion- 
al excitement. A second, ex- 
tremely minute aperture, the 
superior umbilicus, occurs at 
the jimction of the quill with 
the vane on the inner or ven- 
tral face of the feather, i.e. 
the face adjaemt to the body. 
A small tuft of down in the 
neighbourhood of the superior 
umbilicus represents the after- 
shaft of many birds — includ- 
ing some pigeons (see pp. 606, 
627). 

The vane has a longitudi- 


Fic. 384.— Atbs: CootSK tsatter. Callus domestieus. 
The circulu inset map^nines the interlocking mechaiswtn 
between minute barbules and adjacent torbs (see text). 
A. distal barbule, B. proximal barbule, C. downy barbole 
^m barb of basal, fluffy part of feather, lariring inter- 
lockmg apparatus. (Redrawn after Rawles.) 


nal axis or rachis continuous 
pfQxhnally with the quill, 
but dUlering bom tiie latter 
in beii^ sdhd. To each side 
ai this shaft is attaiched a 


kind of membrane forming the expanded pirt of the feather and composed of 
ftsrfts— delicate, thread-like structures which extmd ohlM|aefy octiwpi^ 
the radiis. In an uninjured feather the barbs are dbsdiy as to 

form a continuous sheet. A moderate amount of force sqpaicates tiboajTor they 
are bound together only by extremely delicate oblique ^karbules. 
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whidi have the same general relation to the barbs as the barbs thonsdves to 
the lachis. 

The precise mode of interlocking of the barbs can be determined only by 
microscopic examination. Each barb (Fig. 384) is a very thin and long plate 
springing by a narrow base from the rachis, and pointed distally. From 
its upper edge (that furthest from the body) spring two sets of barbules, a 
proximal set directed towards the base of the feather, and a distal set 
towards its tip. Owing to their oblique disposition the distal barbules of a 
given barb cross the proximal barbules of the next, each distal barbule being 
in contact with several proximal barbules of the barb immediately distal to 
it. The lower edge of the distal barbule is produced into minute hooUets or 
barbicds. In the entire feather the booklets of each distal barbule hook 
over prominent flanges of the proximal barbules with which it is in contact. 
In this way the parts of the feather are so bound together that the entire 
structure offers great resistance to the air. 

Among the contour feathers which form the main covering of the bird and 
have the structure just described are filoplumes. These are delicate hair>like 
feathers with a long axis and a few barbs and devoid of lockup apparatus at 
the distal end. The feathers of different parts of the body vary extremely in 
their individual structure in relation to function. Nestling pigeons are covered 
with a temporary investment of down-feathers in which also there is no inter- 
locking of the barbs (Fig. 385). 

Feathers, like scales, arise in the embryo from papillae of the skin formed 
of derm with an epidermal covering (Fig. 385). The papilla becomes sunk in a 
sac, the feather-foUide, from which it subsequently protrudes as an elongated 
feather-germ. Its vascular dermal interior is the feather-pulp. The Malpighian 
layer of the distal part of the feather-germ proliferates in such a way as to form 
a number of vertical radiating ridges. Its proximal part becomes uniformly 
thickened. In this way is produced the rudiment of a down-feather which has 
a number of barbs springing, at the same level, from the distal end of the quill. 
The homy layer of the epidermis forms the temporary sheath which is thrown 
off as the feather grows and expands. The pulp of the permanent feather 
is formed from the lower or deep end of that of down-feather. Its 
development is at first dmilar, but, instead of the rio^ss of the Malin^an 
layer r emaining all of one size, two adjacmt ones outgfow the rest and become 
the rachis. As the latter elongates it carries up with it the remaining ridges 
whidi become the barbs. 

The feathers do not spring uniformly from the whole surface of the hoi^, 
hut from certain defined areas (Fig. 386), the fetdher tracts or fderyl^ {sp. pt., 

pt., etc.). Th<^ are separated from one anoth^ by feathark^ spaces or 
apteria (0* npt.), frnra whidr only a few ffl^phunes g«m The feathas are, 
however, long nmyMfh to cover ^e apteria by their ov«rl8q>, and the bbdy is 
V0I.11. NN 
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Fig. 3B5-— Avw: ])owii>fatflwr and tti lannattoa. GtMu$ doguUiciu. A. Bun^g oj 
development, showing aggregation of mesodermal cdls (pxioKHcdiam of dennsl papilla) beneatb 
ectoderm. B. Feather>germ rising above ddn level dae to iacnase fat mesoderm and oveilymg 
ectoderm (epidermis). C. Later stage showing ekmgsitioa of feather>germ. A thick cylindrical 
w^ of epidermal cells encloses the central mesodemial pulp. At the tipen of the deatiim (sbmn 
riightly at a tangent) epidermal cells are beginning to unoergo warxangement into loogi^dmw 

bi^'ridges (see below). D. Feather near time of batching, fat tubular fotScile lined with eMderauk 

^ dermal papilla is now permanently located at tile base of the The epfatUBM walls of 

the^ther cylinder are divided into a aeries of longitudfaial baxh-rldna (p r h now to .ofjbarbs and 
bdrtoles) sniTounding the central pulp and protect by an external meat^ , B. Transveiw 
secfaon.frowmgrr barb-ridges, cential pulp (witit adjacent mslaiwcyte^ and eitteWWdplwatt^ A* 
iMture down-feather of newly batdM thick. The ahtettit ii sfW<! «>iA the bwbs 
^ barbules are free. Note the absence of a shaft (d. fig. 384) 
barbs around a short calamus. (Redrawn after Raurtes.) , . 
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thus ccmiplctely osvered with a thick, v«y light, and ncm-oonduict^ invnst- 
moit. 

In the wings and tail certain special arrangements of tiie feathm ooem; 
When the wing is stretched out at r^ht angles to the trank, twraity-three 
large feathers (Fig. 383) are seen to spring fnnn its hinder or prataxial border : 
these are the ram^gas ot wing-quills. Twelve of them are cmmeeted wi^ the 
ulna and are called mUtah car secondaries (cd. na^g.). The zeat are known as 
primaries. Sevai of these are attached to the metacarpal r^<m, and are hence 
called metaearpals {nitcp. rmg.). The remmning four or digibds are attached 
to the phalanges of the second and third digits. These are again distinguished 
into a single ad-digital {ad. dg. rmx.), connected with the single phalanx of the 
third digit (Fig. 395, ph. 3, p. 577), two mid-digitals {md. dg. rmg.) with the 


Fig. 386.— ColMmbai PtaqrMt. 
Left, ventral ; Right, dorsal, ait, pi, alar 
pteryla or wing-tract; c, pt. cephalic 
ptcryla or head -tract; oi. caudal 
pteryla or tail-tract; cr, pt. crural 
pteryla; cv. apt. cervical apterium 
or neck-space; fm. pt. femoral 
pteryla; humeral pteryla; lot. 

apt. lateral apterium; sp. pt. spinal 
pteryla; e. ventral apterium; v. 
pt. ventral pteryla. {Awsr Nitzs^.) 



proximal phalanx of the second digit, and two pre-digit^ {pr. dg. rmg.) 
with its distal phalanx (Fig. 395, ph. a'). A special tuft of feathers on the 
anterior border of the wing, arising from the poUex (Fig. 396, ph. z), forms the 
<da spuria (al. s^.) or bastard wing. The spaces which would otherwise be 
left between the Imses of the zmniges are fUled in, both above and bdow, by 
several twws oi ufper and lower wing-coverts. In the tail there ace twelve kmg 
rectrices (Fig. 3S3, ret.) or tail-quills, speingiag in a semidrde from the uropy- 
gium. TtuEar bases are covered, as m tbe wing, by itppw and lower taH-oowds. 
The whole feajdtec-arraagenient is known as the piwyiosis. 

IfnilMlrtirtiin r i mj part of the bird’s sl^eton peesents dxacathedsdc 
and indeed adqiie leatmea. The vwtdnal cohman, the skull, the stmsmn, 
the r^; ihe liiidHSic^, and the Umbs themsdives are aS so Id^y 4Qiecii^sed 
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A further peculiarity is that many of the bones are light and contain no 
marrow. They are filled with air, and are pneumatic (p. 502). Large pneu- 
matic bones are internally strutted (Fig. 387) in a manner known to engineers 



Fig. 387.— Neomithes : Internal gtrutting and pneumatiim in bone. Lightness is achieved without 
undue sacrifice of strength. The present example is from the metacarpal of a vulture. A dbm- 
parable arrangement arose by convergence in the pterosaurs (p. 502). (Redrawn after Prochndw.) 

as a Warren truss. This device is sometimes used in the wings of aeroplanifts. 
The cavities of pneumatic bones open externally in the dried skeleton by 
apertures called pneumatic foramina (Fig. 395, pn. for.), by which, in life, they 
communicate with the air-sacs and ultimately the lungs (see p. 586). In the 
pigeon the bones of the fore-arm and hand, and of the leg, are non-pneumatic. 



Fig. 388. — Columhaz BSndoiketoii. ucr.cor. acrocoracoid ; a. tr. ailti*trochanter; Mdb. aceta- 
bulum; car. Carina sterni; cd. v. caudal vertebrae; cor. coraux>id: cv. r. cervical ribs; /, trs* probe 
pa^^into foramen tiiosseum; fur. furcula; gl. cv. g^eiioid cavity; U. ilium; is. ischium; is. for. 
ischiadic foramen; oht. n. obturator notch; pu. pubis; pyg. st. ]^gostyle; scp. scapula; s. scr. 
syn sacrum; st. sternum; st. r. sternal ril»; th. v. i, first, and th. v. 5, last thora^ vertebra; 
unc. uncinus; it. r. vertebral ribs. 

The vertebral column is distinguished from that of most other Cxamata by 
the great length and extreme mobility of the neck, the rigidity of the trunk* 
region, and the shortness of the tail. As in R^tilia^ the cervical passes 
almost imperceptibly into the thoracic region. Tnc first vertebra wiUi its ribs 
united \ritb the sternum is conventionally considered as tbe fest tlwricic 
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(Fig. 38®* ^)* There are fourteen cervical vertebrae. The last or last 

two of these have double-headed ribs {cv. r.), each having its proximal end 
divisible into the head proper articulating with the centrum of the vertebra, 
and a tubercle articulating with the transverse process. Their distal ends 
are free and do not unite with the sternum. In the third to the twelfth there 
are vestigial ribs (Fig. 389S, rb.), each having its head fused with the centrum, 
and its tubercle with the transverse process. The whole rib thus has the 
appearance of a short, backwardly-directed transverse process perforated at 
its base. The perforation transmits the vertebral artery, and is called the 
vertebrarterial foramen {vrb. /.). 

The centra of the cervical vertebrae differ from those 
of all other Craniata in having saddle-shaped surfaces. 

The anterior face (Fig. 389, Acn) is concave from side to. 
side and convex from above downwards. The posterior 
face {B) is convex from side to side and concave from 
above downwards. Thus the centrum in sagittal section 
appears opisthocoelous, in horizontal section procoelous. 

This peculiar and complicated form of vertebra is dis- 
tinguished as heteroccelous. The centra articulate with 
one another by synovial capsules. Each of these is 
traversed by a vertical plate of cartilage, the meniscus, 
with a central perforation through which a suspensory 
ligament passes from one centrum to the other. 

The first two vertebrae, the atlas and axis, resemble 
those of the lizard, but have their various elements com- 
pletely fused. The ring-like atlas is small. 

Between the last cervical vertebrae and the pelvic 
region come either four or five thoracic vertebrae (Fig. 388) fused into a rigid 
girder. When only four are present the first three are united. When there 
are five, the second, third, and fourth are joined, the last remaining free.- The 
anterior, thoraunc as well as the posterior cervical vertebrae have the centrum 
produced below into a compressed plate, the hypapophysis, for the origin of the 
flexor musdes of the neck. They all bear ribs, each consisting of a vertebral 
(w. f.) and a sternal (s/. r.) portion, and articulating with the vertebra by a 
double head. The sternal, like the vertebral rib, is formed of true bone, not of 
calcified cartilage as in reptiles. It a^iculates with the vertebral rib by a 
synovid joint Springing from the posterior edge of the vertebral rib is an 
^ncinus (ttne,), re se m bling that of Sphenodon and the Crocodilia, but formed 
of bone and aidcyioSBd with the rib. 

Fdlowiiig upon the fourth or fifth thoracic are about twdye vertebrae, all 
iosed into anoUier sin|^ mass (Fig. 388, a. scr.). T^s seomd r%id girder 
S^ves attachment laterally to the iinmense pelvic girdle. The whole si th^ 



Fig. 389. — Columba: 
Cervical miebni. an- 
terior, B, posterior face, 
a. zyg. anterior zygapo- 
physis; cn, centrum; n, 
a. neural arch; p, zyg, 
posterior zy gapophysis ; 
rh. rib; vrb, /. verte- 
brarterial foramen. 
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group of vertebra; has, therefore, the function of a sacrum, differing from 
that of a reptile in the laige number of vertebrae composing it The first 
vertebra bears a pair of free ribs, and is, therefore, the fifth ot sixth (last) 

thoracic (fA. v. 5). The next five or six have no free 
ribs, and may be looked upon as lumbar vertdirae (Fig. 
390, Their transverse processes arise high up 

on the neural arch. The ligament uniting them is 
ossified, so that the lumbar region presents dorsally a 
continuous plate of bone. Next come two sacral 
vertebrae (c^.) homologous fi^ith those of lizards. |Be- 
sides the transverse processes springing from the neural 
arch, one or both of them bears a second or ven^ 
outgrowth (c. r.) which sprii^ from each side of |he 
centrum and abuts against the ilium just internal fo 
the acetabulum. These distinctive processes are 
ossified independently and represent sacral ribs. The 
remaining five vertebrae of the pelvic region are caudal. 
Thus the mass of vertebrae supporting the pelvic girdle 
in the pigeon is a compound sacrum, or symacrum, 
formed by the fusion of the posterior thoracic, all the 
lumbar and sacral, and the anterior caudal vertebrae. 

The synsacrum is followed by six free caudals. 
The vertebral column ends posteriorly in an upturned, 
compressed bone, the prostyle or ploughshare-bone 
(Fig. 388, pyg. St.). T^ is formed by the fusiem of 
four or more of the hindmost caudal vertebrae. 

Thus the composition of the vertebral column of the {ugemi may be expressed 
in a vertebral formula as follows : 

STOsacrum. 

' — — % 

Cerv. 14. Thor. 4 or 5 + x. Lumb. 3 or 6, Sacr. 2. Caud. 3 -f 6 + P]^. 4 * 43» 

The shdl (Fig. 391) is distinguished at once by its rounded brain<ase, 
immense orbits, and long, pointed beak. The foramiH magnum (f. w.) is 
directed downwards as well as backwards, so as to be visibte in a ventral 
view. On its anterior margin is a single, smaU, rounded oedpitad tondyle 
(0. c.). Most of the bones, both of the cranial and fadal ragioos, are findy 
ankylosed in the adult, and can be distingusdied only in liie young binM. 

The ocdpitals, parietals, frontals, and alii^iliHsiGads Urn nsnai xdidions 
to the brain-case, the basi-occii»tal {b. 0.), as in l&e fisazd. beaiiag t^oodpital 
condyle. The basisph^id (Fig. 39a, B. SPH.) is a large bqne Joixt^ the 
greater pwt of the bans cranii and continued forwards, as ia.tbe Jbauils, ty s 
riemto rostrum (Fig. 391, pa.$.. Fig. 39a, BST.), 



Fig. 390. — Coiumba: 
Synsaemm. Nestling 
(fourteen days old) in 
ventral aspect, cen- 
trum of first sacral verte- 
bra; c^, centrum of fifth 
caudal; c. r. first sacral 
rib; centrum of first 
lumbar; f>. third lumbar; 
s^. of fourth lumbar; 5*. 
of sixth lumbar; Ir. p. 
transverse process of first 
lumbar; ir. p\ of fifth 
lumbar; tr. p*\ of first 
sacral. (After T. J. 
Parker.) 
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portion ot the parasidiau>i(L On the ventral aspect of the bas^dieiicM 
paired membrane bones, tiie basi-tempordls (Fig. 392, B. TMP), are devd(q>e(L 
These become firmly ankylosed to it in the adult and probably represent the 
posterior portion of tiie paras{dim<nd. The tympanic cavity is iMunded by 


the squamosal (Fig. 391, sq.), umch 
is firmly united to the other oanial 
bones. The main part of the audi- 
tory capsule is ossified by a large 
pro-otic (Fig. 39a, PR. OT.). The 
small opisthotic of the embryo early 
unites with the exocdpital, the 
epiotic with the supra-ocdpital. 
The parasphenoid and mesethmoid 
together form the interorbital septum 
(Fig. 391, i. o. s.). This is a vertical 
partition, partly bony, partly carti- 
laginous, which separates the orbits 
from one another. The immense 
size of the eyes has produced a com- 
pression of this region of the skull. 
The ecto-ethmoids or turbinals are 
comparatively poorly developed, in 
correspondence with the small size 
of the olfactory organs. There are 
large lachrjrmals (Fig. 391, Ic., Fig. 
392 LCR.), and the nasals (nu, na', 
na", NA) are forked bones, each 
furnishing both an inner and an 
outer boundary to the corresponding 
nostril. The premaxillae (p.mx., 
PMX.) are united into a large 
tri-radiate bone which forms practic- 
ally the whole of the upper beak. 

A cramof^fadal hii^e occurs (see 
P- 632). The maxillae (inx., MX.), 
on the other hand, are small, and 1 



Fio. 391 . — Colmmba: SkalL Young bird, 
from A, dorsal; B, ventral; C, left view. «/. r. 
alisphenoid; an, angular; ar, articular; b, o. 
basi-occipitid; dentary; e,o, exoccipital; eu, 
aperture of Eustachian tube; /. m. foramen 
magnum; fr, frontal; t. o, s. interorbital 
septum; >». jugal; Ic, lachrymal; /h. s. lambdoidal 
suture; m.eth, mesethmoid; mx, maxilla; ntx, p, 
maxillo-palatine process; na. na*. naf*. nasal: 
o. c. occipital condyle; or. fr. orbital i^te of 
frontal; pa. parietal; pa.s. parasphencm (ros* 
trum); pi- palatine; p.mx. premaxilla; pt. 
pterygoid; qu. quadrate; s. an. supra^anguw; 
s. 0. supraoccipital; sq. squamosal; ty. tym* 
panic cavity; //—JIT//, foramina for cranial 
nerves. (After Parker.) 

ve their anterior aids produced inwards 


into spongy maxUUhpalatine processes (F%. 39X, mx. p.. Fig. 392, mx. pal. pr). 
The slender postericM: end of the maxHla is continued badewords by an equally 
slender fugsd (/»-, JU.) acd quachatojugal {QU. JU ) to the quadrate. The 
latter (^£74 ^ a stout, three^rayed bone artkailating two facets on its cUc 
process roof the tjunpanic It senik off an orbiitd 

/>roceis. firm mau|^ . 4 pd pie^ts bdb# a condyle for 
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Fig. 392. — Neotniihes : Skull. Diagrammatic, in sagittal section. Replacing Bones ; AL^PH. 
alisphenoid; ART. articular; B. OC. basi -occipital; B. SPH. basi -sphenoid; EP.OT. epiotic; 
EX.CX:. exocciptal; M.ETH. mesethmoid; OP.OT. opisthotic; ORB. SPH. orbito-sphenoid; 
PR. OT. pro-otic; QU. quadrate; S. OC. supra-occipital. Investing bones: ANG. angular; 
B. TMP, basi-temporal; COR. coronary; DNT, dentary; FR. frontal; JU. jugal; LCR. 
lachrymal; AfX. maxilla; nasal; parietal; P/4L. palatine; PJVfA*. premaxilla; PTC. 
pterygoid; QU.JU. quadratojugal; RST. rostrum; S. ANG. supra-angular; SPL. splenial; 
SQ. squamosal; VO. vomer; flc. fos. doccular fossa; in.x. pal. pr. maxillo-palatine process, 
opt. for. optic foramen; orb. pr. orbital process; ot. pr. otic process; pty. fos. pituitary fossa. 


articulation with the mandible. It is freely movable upon its tympanic 
articulation, so that the lower jaw has a double joint as in lizards and snakes. 
The palatines {pi., PAL.) have their slender anterior ends ankylosed with 



no. 393-— Colwmba, Bsroid 
■WOWUm. The cartilaginous 

r s are dotted, b. br. t, b. 

2. basi-btanchials; b. ky. 
ha^hyal; e. br. cerato>ton- 
wal; f. hy. hytrid coinu; ep. 
br. ^•bnmchial. 


the maxilla, their scroll-like posterior ends articu- 
lating with the pterygoids and the rostrum. The 
pterygoids {pt., PTC.) are rod-shaped and set 
obliquely. Each articulates behind with the quad- 
rate, and, at about the middle of its length, with 
the basipterygoid process, a small faceted projection 
of the base of the rostrum. There is no vomer 
in the pigeon. 

The mandiUe of the young bird consists of a 
repladng bone, the articular (or., ART.), and four 
investing bones. These are the angular {an., 
ANG.), supira-angular {s.an., S. ANG^, dentary 
{d., DNT.), and splenial {SPL.). AU have the 
same general rdations as ki lizards. The hyoid 
apparatus (Fig. 395) is of characteristic fmnt, 
having an anow-^ped body {b. f^.) wiUi a short 
psur of antoimr cornua {c. fy.) derived from the 
hyoid arch, and a long pair of posterior ccanua 
{c. br., ep. br.) from the &st braitddal. The 
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coUtnuMa (P^. 394) is a rod>shaped bone attached to the stapes, arwi beaiing 
at its onter «id a three-rayed cartilage, the extra-cdunulla {e. st., i. st., s. st.), 
fixed to the tympanic membrane (p. 144). 

The sternum (Fig. 388, s<.) is one of the ^ 


most characteristic parts of the skdeton. 
As in all modem flying birds, it is a broad 
plate of bone produced ventrally, in the 
sagittal plane, into a deep keel or carina sterni 
(car.), formed, in the young bird, from a 
separate centre of ossification. The posterior 
border of the sternum presents two pairs of 
notches covered by membrane. Its anterior 
edge bears a pair of deep grooves for the 
articulation of the coracoids. The broad 
keeled sternum gives insertion, both on the 
keel and on each side of it, to the massive 
pectoral muscles of flight. The keel serves 
also to strengthen the structure as a whole. 
On this broad ventral girder much of the 
weight of the bird is carried in flight. 

The shoulder ox pectoral girdle (Fig. 388) is 
unlike that of any other craniate. There is 
a pair of stout pillar-like stmts, the coracoids 
(cor.), articulating with deep facets on the 
anterior border of the sternum, and directed 
upwards, forwards, and outwards. The dor- 
sal end of each is produced into an acro- 
coracoid process (acr. cor.), and below this, to 
the posterior aspect of the bone, is attached 
by ligament a rdatively flimsy sabre-shaped 
scapula (scp.). This extends backwirds over 
the ribs, and makes an acute angle with the 
coracoid — the coraco-scaptdar angle. The 



B— 

39 V — Cotumbmt OolomeUs. 

Much magnified, with the cartilaginous 
parts dotted, e. si» extra-stapedial; 
t, sf. infra-stapedial; s. sL supra- 
stapedial; st, stapes. (After T. J. 
Parker.) 



glenoid cavity (gl. cv.) is formed in equal 
proportion by the two bones. Internal to it 
the scapula is produced into an acromion 
process. The scapula holds the wing up and 
out ftmn the ribs. The coracoids, in con- 
juncticm with the anterior, slender V-riiaped 


Fks. 395-— CofumbiK laes^tek 
Left (see also Fig. 417, p. tei). ep: 
mtcp, carpo-metax^tfpus; ku. humerus; 

j, phalanx of first digit; pk, ph. 
2^, phalanges of second digit; ph, 3, 
phalanx of third digit; fn. fitr. 
pneumatic teamen; re. radius; m'. 
radiale; tri. ulna; ur.ulnaie. 


furc$da {fur.) or ‘wish-bone*, braces the mobile wh^ out item tiie 
^e apex of Uie fnrcula neatly readies the stmntmau JEtadi of its extremities 
is attadied l%amesit to tihe adnamion and acro-ccxacoid processes of the 
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corresponding side in sudi a way that a large apertnre, the/oroMM iHos$mm 
(/, trs.), is left between the three bones of the ^nlder-girdle. The fomila is 

an investing bone and r^nesents fused davides and 

f interclavide. 

^ Equally charact^tic is the ^eleton of die fore- 

limb. The humerus (Fig. 395, hu.) is a large, iftroi^ 
9* bone, with a greatly expanded head and a prominent 
ridge for the insertion of the pectoral musde. In it, 
as in all the other long bones, the extremities as wdl 
as the shaft are fotmed'bf true bone. The rmius 
ph f (ra.) is slender and neariy straight, the ulm stouter 
and gently curved. There are two large free carp|eds, 
a radiale {ra'.) and an ulnare {ul'.). Articulating wth 
these is the carpo-metacorpus {cp. nUcp.) consisting;of 
two rods. The rod on the pre-axial side is strong and 
Fig. 396. — coiumbn: straight. That on the postaxial side is slender 

ibnoi. ^^ft. ^m ^nestii ng^ and curved. These elements are fused with one 
^Tts dotted, cp. 1 , radi- another at both their proximal and distal ends; the 
2, ‘'t "“pi', proximal end is produced, pre-axially, into an out- 

i’, phalanx of first digit; standing step-Uke process. The carpo-metacarpus is 
sMond ^*'d^t?*'***^!'** 3! formed by the union of the distal carpals with three 
***«? roetacarpals (Fig. 396), the second and third of which 

(After T.j.itoker.') are the two rod-like portions of the bone, the first 

the step-like projection. Articulating with the first 
metacarpal is a single pointed phalanx (Fig. 395, ph. x)... JTlw sepwid metacarpal 
bears two phalanges, the proximal one {ph. 2') produced postaxially into a 
flange, the ^stal one {ph. 2”) pointed. 

The third metacarpal bears a single ® ajr ^ 

pointed phalanx {ph. 3). 

The pdvic girdle (Fig. 388) re- 
sembles that of no other vertebrate 
with the exception of certain dinosaurs 
(p. 506). In the walking or perching 

bird the centre of gravity is postero- u jJL - 

ventral and the concentrated body „ . . 

weight is transferred by nbs and ab- in a mettliiiR, i»ith oKtUariaoMs pwrti dotted. 

(w.)wnicn IS attached by fibrous union iHum; Ificlimxn; 

to the whole of the synsacrum and is ^ 

ankylosed with it in the adult. It is 

ifi^ible into pre-acetabular and po^acetabukfr pontioi» of 

1^. As usual it furnishes the dorsal portion of tbo 


• 1 / « /« 

Fig. 3^7. — Cotmmtm: MfiO iMle« 
m It nestUns, vrfth cartUasiiioin ffMrtt dotted. 
Ac. acetabulum; a. tr. anti<4xoGliiu«ter; pre- 
acetabular, and poetacetabubur portion of 
iHum; «5. Ificblum; i. t. J. iaddaljc. 
o6,/. obturator notch; p%%. pubia. ^AfterT, J. 
Parker.) 
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posteiior edge of that cavity is produced into a process, the anli4roehtt^er 
(a. tr.). This works agaiist the trochanter, a process ci the femur. The ven- 


tral portimi of the acetabulum is famished in about 
equal inoportions by the pul^ and ischium (Fig. 397). 
It is not completdy dos^ by bone, but is perforated 
by an aperture covered by membrane. Both pubis 
and ischiam are directed diarply backwards fnmi 
their dorsal or acetabular ends. The ischium {is.) is 
a broad bcme, ankylosed posteriorly with the ilium, 
and separated from it in front by an ischiatic foramen 
(Fig. 388, is. for. ; Fig. 397, i. s.f.). The pubis {pu.) 
is a dender, carved rod, parallel with the ventral 
edge of the ischium, and separated from it by an 
obturator notch (Fig. 388, oW. n. ; Fig. 397, ob. /.), 
Neither ischium nor pubis unites ventrally: a pubic 
S3maphysis exists only in the Ostrich. 

In the hind-limb the femur (Fig. 398, fe.) is a 
comparatively short bone. Its proximal extremity 
bears a prconinent trochanter {tr.) and a rounded head 
(hd.). The axis of this is at right angles to the shaft 
of the bone. Thus the femur, and indeed the whole 
limb, lies in a plane parallel with the sagittal plane 
of the trunk. Movonents of the legs are essentially 
antero-posteiior in directiop. The distal end of the 
femur is inoduced into pull^-hke condyles. There 
is a small sesamoid bone (t.«. a bone developed in a 
tendon), the patella {pat.), on the extensor side of the 
knee-joint. 

Artkulating with the femur is a long b(Hie, 
the tibio4arsus {ti. ts.), produced cm the anterior 
face of its proximal end into a large cnemial process 
{cn. pr.) Its proxiinal articular surface is dightly 
hoQowed for the condyles of the femur. Its distal 
end is {nilley 4 ike, not ocmcave hike the conesptmding 
extranity of the tibia of other Amniota. The pulley- 
like distal end nf the bmie (Fig. 399. tl. i) con^ts of 
the^ximal ^usals(a^tagalus andcalcaneum) whidi 
at an eaify perkid unite with the titm and give me 



Fig. 398. — Cahanbm 
BSBd-Um^ Left cn. pr. 
cnemial procem; /r. femur; 

iibala; head of femur; 
mUr. I, tot metatarsal; pm. 
patella; ph. x, ftolaimes of 
tot d^; ph. 4» plitoiigea 
of fomth digit; H. U. tlldo. 
tarstts; i$. mUs. taiao^meta* 
tanas: fr«trbdiator. 


fo the contend ^lanl&bone of the adult. The 

fibtda » yeiy sasaS. mud) diorter dmi Oie mid tapers to a po^ «t ite 

distal\ea^-. ^ . 


is«n dmga£Bd.boii^ tlmfewNs^^ (F%. 
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398, ts. mUs.), presenting at its proximal end a concave surface for the tibio- 
taisus, and at its distal end three distinct pulleys for the articulation of the 
three forwardly-directed toes. In the young bird the proximal end of this 

bone is a separate cartilage (Fig. 399. U. 2), represent- 
ing the distal tarsals, and followed by three distinct 
metatarsals which belong respectively to the second, 
third, and fourth digits. Thus the ankle-joint of the 
bird is a mesotofsal joint, occurring, as in lizards, 
between the proximal and distal tarsals, and not. as 
in mammals (p. 665), betJvfeen the tibia and the proxi- 
mal tarsals. To the inner or pre-axial side of xhe 
tarso-metatarsus, near its distal end, is attached \by 
fibrous tissue a small irregular bone, the first metatar- 
sal (Fig. 398, mtts. i). The digits have the sari»e 
number of phalanges as in the lizard, the backwardly- 
directed hallux two, the second or inner toe three, the 
third or middle toe four, and the fourth or outer toe 
five. In all four digits the distal or ungual phalanx is 
pointed and curved, and serves for the support of the 
homy claw. 

Muscular System. — ^The toes are flexed by two sets 
of tendons. The deep tendons of the three forwardly-directed digits are formed 
by the trifurcation of the tendon of a single muscle, the peroneus tnedius. That 
of the hallux is derived from a separate muscle, the flexor perforans, which is 
joined by a slip from the peroneus medius. Thus a pull upon one tendon flexes 
all the toes. When the leg is bent, as the bird settles to roost, the flexion of the 
tarso-metatarsus on the shank puts the flexor tendons on the stretch as they pass 
over the mesotarsal joint, and by the pull thus exerted the toes are automatic- 
ally bent round the perch by the simple action of flexing the leg. They are 
kept in this position while the bird is asleep by the mere weight of the body. 
It has l^een thought that the action is assisted by a small but characteristic 
muscle, the ambiens, but this is now in dispute. The ambiens muscle arises 
from the pubis, and passes along the inner surface of the“*thigh. It continues 
into a long tendon which comes round to the outer side of the knee, enclosed 
in a special sheath, and continuing down the leg, joins the superficial floors of 
the digits This muscle, however, is absent in some species and its section in 
others does not affect perching ability. 

As might be expected, the tetrapod musculature of the fore-limb is greatly 
modified. The powerful downstroke of the wing by which tiie bird rises and 
propels itself through the air is performed by the pectoreMs ma^or (Fig. 400, pet.), 
an immense muscle having about one-fifth the total wei|^t of the body. This 
^ises 'from the whole of the keel of the sternum (car. et.) and frnm tfre cSavicle 



Fig- 399- — Cotumba: 
Pm. I’art of left foot in 
embryo (highly magnified) 
with cartilaginous parts 
dotted. Mi//. 2, second, mtl. 
3 , third, and mtl. 4 , fourth 
metatarsal; H. tibia; tl. i, 
proximal tarsal cartilage; 
It. 2, distal tarsal cartilage. 
(.\fter Parker.) 
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{cl.), filling nearly the whole of the wedge-shaped space between the body 
the keel. This is the so-called * breast ' of the bird, the meat of which is highly 
vascularised and ‘red* in the strongly flying pigeon, and white in the feel^ 
flying Common fowl {Gudlus domesticus). Its fibres converge to their insertion 
(pet/') into the ventral aspect of the humerus {hu., hu\), which it depresses. 
The elevation of the wing is performed, not, as might be expected, by a dorsally- 
placed muscle, but by the supracoracoideus (sb. dv.) (‘pectoralis minor*). This 
arises from the anterior part of the body of the sternum, dorsal to the pectoralis. 


prplffm pp-n.br 



Fig. 400. — Colutnba: Mnicolatare. Left wing, with the 
greater part of the pectoralis (pet.) removed, car. st. carina 
sterni; cl. furcuia; cor. coracoid; cor. hr. hr. coraco-brachiaUs 
brevis; cor. br. Ig. coraco>brachialis longus; cp. si. corpus 
sterni; ext. cp. rd. extensor carpi radialis; ext. cp. ul. extensor 
carpi ulnarts; fl. cp. ul. flexor carpi ulnaris; gl. c. glenoid 
cavity; hu. head of humerus; hu*. its distal end; pet. pec- 
toralis; its cut edge; its insertion ; pm.bf. pxotaXot 
brevis; prn. ig. pronator longus; pr. ptgm. prepatagium; pt. 
postpatagium; 56.c/v. subclavius; sA.c/v'. its tendon of 
insertion passii^ through the foramen triQsseum. and dotted as it goes to the humerus; ins. acc. 
tensor accessorius; tm. br. tensor brevis; tns. Ig. tensor longus; tns. m. p. tensor membranae 
posterioris alae. 


It sends its tendon through the foramen triosseum between furcuia, scapula, 
and coracoid, to be inserted into the dorsal aspect of the humerus. Because 
the foramen acts like a pulley, the direction of action of the muscle is changed ; 
the backward pull of the tendon raises the humerus. Muscles concerned with 
rotational movements of the wing in the glenoid socket are the relatively small 
scapuh-humerah and coraco-humerals, which extend from girdle to humerus. 
The deltoid muscles are complex, each with three tensores patagii (fns. ig., 
br., ins. acc.), the action of which is to keep the prepatagimn tensdy 
stretdied when the wing is extended. A similar muscle {ins. m. p.) acts upon 
the postpata^um. The most important intrinsic musdes of the arm are the 
inceps, and the laig^ triceps, whi(^ operate the elbow and perform adjustments 
during flight. Fore-aim muscles such as the eittensor carpi raHtdis and the 
extensor carpi tdnaris operate in ctHtijunction with the two former, and are 
important in the stretdiing and folding of the wing. The radius is rotated 
medially by two bra^Horadiedis musdes. Althoi^ the musdes of ^ digits 
much reduced, they are nevertheless important in that tiiey dtw die 
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disposition of individual parts of the wing— and even of individual feathers-^ 
during flight. The bastard wing (first digit) is indepaidently naovable 
pdicis muscles ; it may help to control the leading edge of the wii^, and to 
produce extra forward momentum during the take off. Much is still unknown 
about flapping, and even the simpler gliding, flight. 

LwMunotlonT — ^Among vertebrates birds are uniquely adapted in their 
capacity for locomotion both in the air and on land. Many are expert swim- 
mers as well. Upon the skeletal foundation briefly outlined are borne the 
feathers of flight and the individual muscle elements that allow simultan^s 
alterations in shape, size, angle, and, consequently, air permeability of (the 
wings in response to the ever-changing requirements of different phases of 
flight. Although bird flight (including even the simpler soaring flight tut 
depends primarily on rising air currents, or variations in air currents oyer 
waves) is still incompletely understood, certain of its features are relative^ 
straightforward and closely analogous to the simpler flight of aircraft. The 
leading edge of each flight-feather is the narrower, and both fore and rear 
edges of most are relatively constant in width along its length. Depending 
on the characteristic mode of flight of the species, the terminal parts of some 
pinions, both forward and rear, are narrowed towards the central vein. Thus 
some feathers are terminally and subterminally emarginated and provide, as 
a whole, an effect not unlike that given by the slotting apparatus on the wings 
of an aeroplane. 

Lift is achieved not only by the pressure of air-flow below the temporarily 
impermeable wing, but also by the semi-vacuum, producing a ‘suction zone’, 
caused by the swift rush of air cascading over the slightly convex dorsal 
surface of the wing. (This phenomenon can be crudely demonstrated by 
holding, and blowing hard over, a piece of curved cardboard which will then 
be slightly elevated.) The creation of the suction zone is assisted by the tiiin 
trailii^r edges whidi minimise the eddies behind the wings { 5 trea$Hrlining) and 
also by the convex upper surfaces (the camber). This all-important dorsal 
zone varies with the changing ^pe and movement of the wing in flight. If 
the angle to the direction of air-flow is increased, eddies (trailing ed^ varies) 
spread from the downwardly directed trailing edge of wing towards the 
suction zone, eliminating vacuum ‘lift’, the animal b^ins to slall. The 
emargination of varying numbers of fli^t-feaUMrs reduces the terminal eddies, 
and changes in the disposition of the anall dlements cd the bastard whig (p. 
566) perhaps further tend to reduce air turbulence, and tend, also to allow a 
slower stalling speed while soaring. Hatutually soaring birds are <diaiactmiaed 
by the pronounced emargination of thdrA^ht-doathers. Them is. too, a broad 
rdation^p between wing-shape and Siting. . , livings of bfgb mpacd rddda, is. 
those that are very long in onnparismi with lMEead]A,4U9iii0t asaruMma^^ 
sk>tted. WiagsofWaspsctraAo. short andbpfiad.aiusi^lKrt:id%fK>' 
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Most, if not sU Isitis employ both flapping and soarii^ modes ol 
Flapinng flight is infinitely the more complicated, involving con^ant dtumges 
in the idative positimis of both distal and proximad parts oi the wing. The 
intrinsic musculature ami intimate structure (and even individual movements) 
of different feathers, together with movements of the pre- and postpatag^ 
(Fig. 383), adlow the wing to alter shape, so that the down-beat resembles a 
thrusting oau*, impermeable to air, whilst in the up-beat it cam be swiftly 
readjusted with a minimum of air resistance for the next powerful stroke. In 
addition, the rate of wing-beat varies widely from family to faunily. Tjrpes 
with a miall wing-area in relation to maiss flap quickly and have evolved speciad 
landing techniques. Those with a greater wing-area are able to progress 
quickly at a more leisurely rate of wing-beat. Generally speaking, fast-flyii^; 
birds have, like fighter ’planes, relatively small wings. The bigger a flying 
bird becomes, the larger its wing must develop. Weight increases with the 
cube, while the expanse of the wing is related to the square of the linear di- 
mensions. On the other hamd, ais the surface of the wing increaises, so the 
edge losses decrease and a higher wei^t per unit area can be, and is, carried 
{wing-loadit^). At the same time, it has been shown experimentally that 
pigeons can fly when deprived of up to 45 per cent, of their wing-surface. 
Again, certain eagles {e.g. UroSetus) are for short distances able to carry prey 
much heavier than themselves. Many, but not all, species fly well when the 
wings are in moult. Some birds, however («.g. migratory shearwaters, 
Puffinus), delay the wing-moult, but not that of the body, until the cmnpletion 
of thdr long post-nuptial transequatorial migrations. 

AUmentai^ Canal and Aasoelated Stmetnres.— The mouth (Fig. 401) is* 
bounded above and below by the homy beak. The torque {tng.) is laige and 
pointed at the tip. It possesses what appear to be taste-buds and, in addition, 
mucous glands. Salivary glands — ^the median stib 4 ingual and paired angk- 
glands at the g^)e — ^produce saliva whidi mobtens the food. 

In smne graminivorous species the saliva contains a diastatic enz3mae. 
The pharynx l«uls into a wide and distensible oesophagus (gx/.), vdiich dUates 
into a* huge reservoir or crop (crp.) situated at the base of the nedc, between 
the akin «.nd the musdes, and immediately in front of the sternum. The crop 
enables the bird to ingest arul store very quicldy a large amount of food which 
it ran latCT £gest at Insure. The ejathdium of the orop in both sexes sheds 
a white. Slimy, prutcdnous, and fatty crop-' milk* daring the hreedi^ seasm 
(see p. 5(gQ). Cfs^hmdactivity is contrdled by prohaekn, an antniorptidtary 
hcMmume. 

The ‘pigom't mUk' is regmg^tated to the young sgiMis which can double 
their hatcfuje^;. weight ^ days. A aecmaytal rabfaat doubles its birth 

wei§ht;ih.ai^dhyu and a.c^^ in nine. 'B^geon'emilk’, whkit iscomposed of 
frwn 65.41 ^ cent wnter, pdr oent piotdn, pw cent 
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fat, and 1*5 per cent, ash, is ‘a very much more efiBcient nutriment ^Sian 
Tnammalian milk' (Needham); see, however, p. 790. 

In the crop, the ingested food, consisting principally of grain, is macerated. 
From the crop the cesophagus is continued backwards into the Dornoch, 
which consists of two parts, the glandular provefUriculus (prvn.) and the 



Fig, 401. — Columbas Vii- 
ceral x^tionihips. Nearly 
the whole of the ileum is re- 
moved, and the duodenum is 
displaced outwards, a. ao. 
aortic arch; bd. i. bd, 2, bile- 
ducts ; b. fabr. bursa Fabricii ; 
cbl. cerebellum ; cae. right 
csDCiim; cpdm. coprodaeum; cr. cere; crb. h, left cere^al 
hemisphere; crp. crop; cr, v, i, first cervical vertebra; 
dixae, diacoele; dnt, dentary; dito, duodenum; etts. ap, 
ai^rture of Eustachian tubes; giz, gizzard (dotted behina 
the liver); W. glottis; guf. gullet; i/m. ileum; i. orb. sp, 
interorbital septum; Aif. right kidney; /m^. right Tung; /r. liver (right lobe) ; «a. bristle passed 
from nostril into mouth; obi, sep. oblique septum; 0. gl. oil-gland; pcd. pericardium; pmx, pre- 
maxilla; pn. pancreas; pn. b, pineal b^y; pn, d. z — 3. pancreatic ducts; pr. cv, right precaval; 
prdm. proctodaeum; prvn, proventriculus (dotted behind liver) ; pt, cv, postcaval; pty. b, pituitary 
body: Pyg-st, pygostyle; r. afi. right auricle; r. br, right bronchus; ret. rectum; r. vni, right 
ventricle; $p, cd, spinal cord; spl, spleen (dotted behind liver); s, rhb. sinus rhomboidalis; i. 
scr. synsacrum; st, carina sterni; syr. syrinx; th. v, i, first, and th. v. 5, fifth thoracic vertebra; 
tng, tongue; tr, trachea; is. right testis; ur. apertura of left ureter; urdtn. urodasum; v. dj, 
aperture of left vas deferens. 


muscular gizzard {giz.). The proventriculus appears extem^ly like a d^ht 
dilatation of the oesophagus but it is a gastric structure, the walls of which 
contain numerous glandular pockets large enough to be visible to the naked 
eye. The gizzard has the shape of a biconvex tens. Its widls are very thick 
and 4 ts lumen is small. The thickoiing is due mainly to the Mammae devdop- 
me^'of the musdes which radiate from two tmidmis, one <Mi eadi theconwmf 
siHiiaces. In the epithdial linii^ of the gtezard are nmaieraus minute 
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glands, which secrete a fluid which becomes thick, homy, and of a ydlow. ear 
green colour and lines the gizzard. The cavity alwa}^ contains small stones^ 
which are swallowed by the bird and aid the gizzard in grin ding up the food. 

The duodetuMn (duo.) leaves the gizzard close to the entrant of the pxp' 
ventriculus and forms a distinct loop enclosing the pancreas. The duodenum 
is lined with villi and single or branched crypts of LieberkUhn. QMet cdl$ mre 
also present. The pancreas (pn.) is a large reddidi gland which discharges 
its exocrine products by three ducts {pn.d. i-j) into the duodenum. The 
pancreas contains also endocrine islets of Langerhans which discharge into the 
blood-stream instdin or a hormone of similar function (p. 153). The hormone 
secretin, which in mammals influences the secretion of pancreatic juice, has 
been obtained from the walls of the pigeon’s duodenum. Also opening into 
the duodenum are two bUe ducts (b.d. i, b.d. 2). These come direct from the 
right and left lobes of the large liver nearby. There is no gall-bladder in the 
pigeon, but one occurs in GaUus and many other species. The ileum (Urn.) 
presents first a single loop and then follows its greater part coiled into a sort 
of spiral and lastly comes a single loop which passes without change of diameter 
into the rectum (ret.). The junction between the two is marked only by a 
pair of small blind pouches or cteca (cce,). These are much more capacious in 
many birds (e.g. Callus) and are the site of a certain amount of digestion (of 
vegetable fibres) by enzymatic and bacterial action. There is some evidence 
too that they are concerned with the absorption of water. The cloaca is a large 
chamber divided into three compartments, the coprodmmt (cpdm.), which 
receives the rectum, the urodaum (urdm.), into which the urinary and genital 
ducts open, and the proctodeeum (prdm.), which opens externally by the vent. 
A thick-walled glandular pouch, the bursa Fabridi (b. fabr.), lies against the 
dorsal wall of the cloaca in young birds and opens into the proctodaeum. It 
atrophies in the adult (see Fig. 413, p. 597). 

Respiratory and Vocal Organs. — The gUdtis (Fig. 401, gl.) is situated just 
behind the root of the tongue, and leads into the larynx. This is supported by 
cartilages — a cricoid divided into four pieces, and paired arytenoids — ^but it is 
uncomplicated and does not, as in other vertebrates, function as a vocal organ. 
The anterior part of the trachea (tr.) has the usual position, ventral to the gullet. 
Further back, however, it is displaced to the left by the crop, becoming ventral 
once more as it enters the body-cavity, where it divides into the right (r. br.) 
and left bronchi. The rings supporting the trachea are not cartilaginous but 
bony, asalso is thefiistringof each boronchus. Thoseof the toucheacom{detdy 
surround the tube ; those of the brondti are incmnplete meaally. 

At the junctnm of the tradiea with the pained laondii oocum the <hazBct(»<> 
istic vocad organ:, the syrinx (sy’’-)* lound m no ot^sr dass. The laet three tx. 
four ti^ of.ilie trachea (E^. 40a, tr*), and the 6 ssi or bony halloing 
brcuKifanfi (<^.)^ aremoeyfied to ftntnn diktedidbAi^^ 

V01..11. , 00 
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the mucovs membrane of which forms a cnshicm-like thldceniiig on each »de. 
At the junction of the bronchi a bar of cartilage, the pessuhts, mctends dorso* 
ventrally and supports an inconspicuous fold of mucous membrane, the 
memhrana semilunaris. The membranous inner walls of ibe bronchi fmm the 
internal tympaniform membranes. A pair of intrinsic syringeal muscles arise 
from the sides of the trachea and are inserted into the S}^inx, and a pair of 
stemo-iracheal muscles arise from the sternum and are inserted into the trachea. 
The voice is produced by the vibration of the semilunar memlnane. Its pitch 
is altered by changes produced by the action of the musdes. The syringeal 

muscida^ure (Fig. 444, p. 639) varies 
widely from group to group anp is of 
diagnostic significance. 

The pmred primary bronc i do 
not immediately branch withir . the 
lungs in the manner characteqstic 
of other tetrapods. Instead, each 
bronchus is continued through to the 
posterior end of the lung (Figs. 403, 
404) and then divides into paired 
secondary or lateral bronchi which 
branch again and send tubes which 
give rise to a system of tertiary or 
parabroncki. This breaks up into an 
extensive ramification of fine branch- 
ing and miastomising tubules or air 
capillaries which come into intimate 
contact with the red ceUs coursing 
through the Idood capUlmies of the 
lungs. 

At the same time, each secondary brondius omthraes and enters a Madder- 
like air-sac, formed as a dilation of the mucous mmbrane of the bronchus. 
One of these, the abdominal air-sac, lies am<mg the coils of the intestine. The 
other, the posterior thoracic air-sac, is dosdy apphed^o the side-wa!tt of the 
body. The bronchus also gives off, near its entrance into the limg, tiuee 
short brandies. One of these becomes comMded with an anterior Utaradc 
a^-sac, situated just in front of the posterior thocack. Another k connected 
with an interclavictdar air-sac, whkh is me£an, unpaired, and oQikkcted 
with both lungs. The third enters a cerokid oir-sae piaoed at die tool of the 
nedc. Each dde of the interdavicular gives off a divertkadum, ba. aatHlary 
air-stte. lying in fhe axilla. All these sacs axe paked exempt tikS intei^nvicular, 
whidi is Icnmed by the fusion of right and led xndetka ll»;»cs p!|iamuni- 
cate with the pneumatic cavities of the bones. acnae bixdl ajot able, 



Fig. 402. — Columba; Trachiat teOBohis 
and liuigl. Ventral aspect, a. in. aperture of 
anterior thoracic air-sac; br. principal bron* 
chus; br*. br'\ br"\ secondary bronchi; p, 
aperture of abdominal air-sac; p. a. pulmonary 
artery entering lung; p, in, aperture of pos- 
terior thoracic air-sac; p. v. pulmonary vein 
leaving lung; sb. b. aperture of interdavicular 
air-sac; sp. b. aperture of cervical air-sac; sy. 
syrinx; tr. trachea. (After T. J. Parker.) 
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^th tndiea Uodced, to xespire through the hiuneius and other bones if 
are hractured and exposed. 
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There are several air*sac 
tenniiKd<^;ies, but it seems 
generally agreed that there are 
four principal pairs and one 
unpaired (interclavicular) sac 
as above. Much of the in- 
spired air, then, is drawn 
directly into the great system 
of air-sacs without contact 
with the respiratory surface. 

This air finally reaches the 
respiratory tissue by returning 
from the air-sacs via the 
secondary or lateral bronchi 
and in addition, via a system 
of recurrent bronchi which 
branch from the anterior ends 
of the air-sacs, excluding the 
cervicals. This highly special- 
ised respiratory arrangement 
almost eliminates dead-space 
air (such as occurs in the 
Mammalia) and allows some 
birds [e.g. the Skylark, AlaudtC^ 
to sing and fly ior long periods 
without breathlessness. 

The lungs (Figs. 401, 402) 
are very small in comparison 
with the rize of the bird. They 
are only ^ghtly distensible, 
being solkl, spongy organs, 
not bags with sacculated walls 
as in amphibisuas and many 
reptiles. Their dorsal surfaces 
fit dostdy Into the graces 
between the ribs and have no 
P«ittai«d' fioveriaag. Thdr 
ventral laeas are ‘^rveried by 
a strmigahMtaf iMaroos tihsoe, ^ jlMmomuy upotuunms ^ 
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ate inserted g»TialI fan-like costopulmonary muscles, whidi arise frcmi the 
junction of the vertebral and sternal ribs. 

The ventral or free walls of the thoracic air-sacs of each side are covered 
by a sheet of fibrous tissue, the oUique septum {ohl. sept.). This is continued 
forwards to the pericardium, and is united with its fellow of the opposite side 
in the middle dorsal line. It divides the coelom into two compartments — one 
containing the lungs with the interdavicular and thoracic air-sacs. The other 
{aid. cav.) contains the heart, liver, stomach, intestine, etc., with the abdominal 



Fig. 404. — Cohtmba: BrfaHmwhip betwMB loags and air-saai. From ventral (left) and doruil 
(right) aspects. On the left side is shown only the ventral surface of the lungs, together with 
expiratory bronchi and air-sacs (dotted). On the right side the inspiratory bronchi and air-sacs 
are shown in black. B. main bronchus, C. cervical brcmchus; Af . mesobronchus; 5. abd, abdom- 
inal air-sac; s. cerv. cervical air-sac; s, clav, inter-olavicular air-sac; with diverticulum {ax.) in 
axilla; s. ihor, ant. and post, thoracic air-sacs. (From Young, after l^ndes and Ihle.) 

air-sacs. Unsuccessful attempts have been made to homologise the oblique 
septum with the mammalian diaphragm (p. 676). It has been sometimes 
thought to be an important part of the respiratory m^hanism, but its experi- 
mental destruction does not appear to interfere with either inspiratum or 
expiration. 

Inspiration is brought about in the resting bird mainly by means move- 
ments of the intercostal muscles, and ex|Hrati(m by the abdominal muscles 
which cause an alternate enlargement and diminuticm of the capacity of the 
coelom, and thus pumps air in and out of the lui^. During flight the sw»e 
effect seems to be pr^uced by the movement of the pectoml ramdes. In 
e^hcr case the inspired m rashes through the hmgsi into i&e. airi»m 
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thence by diffusion into the pneumatic cavities of the bones. Thus, wMle hi 
other animals a certain amount of unchanged or residual * dead space ’ air is 
alwa]^ left in the lungs after each expiration, in birds this is confined to the 
air-sacs and to the smaller branchesof the bronchi (Fig. 404). Resiaratorymove- 
ment forces a current of fresh tidal air through the lungs. As a result of this 
the aeration of the blood is very complete, and thus allows an unusually high 
degree of muscular efficiency and temperature (p. 558). There is evidence that 
birds resemble the Mammalia in having the respiratory centre in the medulla 
oblongata. A specific panting centre may occur in the dorsal part of the 
diencephalon. There is some evidence that one or both of these centres are 
sensitive to the carbon dioxide content of the blood-stream. Bilateral vago- 
tomy and vagal stimulation have not led to consistent results. 


Fig. 40J.— Columfro.* Bmrt and latgn 
vessel!. Dorsal aspect, a. ao, arch of aorta; 
hr, a, brachial artery ; 6r. v. brachial vein ; c, c, 
common carotid; ju. jugular; L au. left 
auricle; /. p, a. left pulmonary artery; /. vn. 
left ventricle; p, c, v. left precaval; ptc, 
post-caval; p, v, pulmonary veins; r. au, r, 
au\ right auricle; r. p, a, right pulmonary 
artery; r. prc. right precaval; r, vn, right 
ventricle. (After T. J. Parker.) 



Thyroid, Parathyroid, and Thymus Glands.— Paired thyroids occur on each 
side of the trachea near its division into bronchi. They produce thyroxin, an 
iodine-containing hormone important in general metabolic function and said 
also to be espiecially concerned with the periodic moult. Thyroid activity is 
under the control of the anterior pituitary. Paired endocrine parathyroids, 
situated nearby, control calcium and phosphate metabolism. Paired elongated 
thymus glands are lodged on each side of the throat in the young bird. They 
involute at maturity, and in widely unrelated species show a marked eidarge« 
ment at the end of the breeding season (H 5 hn). There is, neverthdess.’no 
evidence of endocrine activity. 

Bleed-vueidar Syston. — The hetart (Fig. 405) is of great propcntional size 
and, like Uiat xA crococUles, cemsists of four Chambers — bright and left amides 
and powerful right and left ventrides. These are lined with midocardium. 
There is no ^us venosus, that chaiifi>er being, as it wme, absorbed intp the 
right auricle <Fig, 405, r. au.). The right vmitride \(Fig. 40^ i»rtjiy ezfc* 
circles the ieft, the fenmer having a crescmttic, the latter ei cirim^ jp- 
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transverse sections. The left auriculo-ventricular valve has the usual mem- 
branous structure, consisting of two flaps connected with the wall of the 
ventricle by tendons, but the corresponding valve of the right side is a 
large muscular fold, very characteristic of the class. The pericardtad sac con- 



Fig. 406,—Coiuvnba: Blood wmlaT 
Ventral aspect, a. ao, arch of 
aorta: a. m- a. anterior mesenteric | 
a, r. V. afferent renal veins; a. r. vein 
bringing blood from pelvis into renaiVportal 
system; a, brachial artery; br. v. 
brachial vein; c, caudal artery and\vein; 
c. c. common carotid artery; c, k. v. 
coccygeo-mesenteric vein, displaced to the 
right; cce, a. coeliac artery; d. ao. dprsal 
aorta; e. c. external carotid artery; epg. 
epigastric vein; e. r, v. efferent renal vein; 
/. a. femoral artery; /. v. femoral vein; /i. v, 
hepatic vein; t. c. internal carotid artery; 
f. il. internal iliac artery and vein; t. tii. 
internal mammary artery and vein; in, a. 
innominate artery; i. t*. iliac vein; jti, 
jugular vein; ja', anastomosis of jugular 
veins; L ait. left auricle; /. p, a. left 
pulmonary artery; /. prc. left pre*cSval 
vein; 7. vn. left ventricle; pc. left pectoral 
arteries and veins; pc. a. rig;ht pectoral 
artery; pc. v. right pectoral vein; p. m. a. 
posterior mesenteric artery; pic. po^-caval 
vein; ra.*, ra.*, ro,*, renal arteries; r. a.u 
right auricle; r. p. renal portal vein, on the 
left side of the figure, supposed to be 
dissected so as to show its passage througli 
the right kidney; r. p. a. right pulmonary 
artery; r. prc. right precaval vein; r. v. 
renal vein; r. vn. right ventricle; sc. a. 
sciatic artery; sc. v. sciatic vein; scL a. 
subclavian artery: vr. vertebral aitery and 
vein. (After T. J. Parker.) 


tains serous fluid. Hie right auricle receives the ri^bt and left psecavals 
(r. prc., 1 . prc.) and the postcaval (pic ) ; the teft, four putmonaiy veins 
(p. V.). There is an elaborate coronary chtulaidcm (J*. 115), iiie nanAer of 
arteries varying in different species of birds. The inhetesie nervous syston of 
the heart includes a sinu-awicular node or peKe - md e e r ^ Use vindl ^ lie right 
anride), an mrictdo-veniricular node (in the atrial 
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ventiicidaar of PurMnje fibres (p. 882). As in mammals, tiie oontsadioa 
wave bagim at-the SA no^, spreads through the atria to the AV node said 
thenoe by branches to the zest of the iMart. Sympathetic stimMlnt ym acafeiv 
ates heart action and parasynqiathetic (vagal) impulses slow it down. 

The left ventricle (Fig, 406, /. vn.), as in crocodiles, gives migin to the 
right acutic arch (a. ao.), but the right v«itride {r. vn) gives off only one trank, 
the pulmonary artery, which soon divides into two (r. p. a., 1 . p. a.). The left 
aortic aidi is absent in the adult, and it is the right alone which is continued 
into the dmsal aorta. The result of this is that the systemic arteries receive 
oxygenated blood from the left side of the heart. The only mingling of 
oxygenated and non-oxygenated blood is in the capillaries. This is a tre- 
mendously important ph}rsiological advance made by birds over reptiles. 

The aortic arch curves ova: the right brondius to reach the dorsal body- 
wall, and then passes directly backwards as the dorsal aorta {d. uo.). Owing 
to the immense size of the pectoral muscles, the arteries supplying them are of 
corresponding dimensions. The right and left innominate arteries {in, a,), 
from whidr the carotids (c. c.), subclavians {br. a.), and pectorals {pc. a.) arise, 
are actually larger than the aorta itself beyond their origin. In correspondence 
with the position of the legs, the femoral (/. a.) and sciatic (sc. a.) arteries 
arise far forward. The caudal artery (c.) is small as would be expected. 

The most characteristic feature in the disposition of the circulatory organs 
is the very considerable reduction of the renal portal system. There are two 
renal portal veins {r.p.) formed by the bifurcation of the caudaL Eadi, 
however, instead of breaking up into capillaries in the kidney, sends off only 
a few small branches (a. r. v.) whidr carry blood to that organ. The main 
vein passes forwards, through the substance of the kidney, and joins the 
femoral vein (/. ».) from the leg to form the iliac vein (*. v,). There occurs at 
the junctimr of the renal and iliac veins a valve which has been daimed to 
regulate blood-flow into the former vessel. The iliac unites with its fellow 
of the opposite side and forms the postcaval {ptc.). Thus the main part of 
the blood from the caudal and pdvic regions is taken directly to the heart, 
and not through the renal capillaries as in most fishes and all amphibians and 
reptiles. 

At the point of bifurcation of the caudal veins a large eoccygeo-mesenteric 
vein {c. m. v.) comes off, and, running par:^ with the rectum (from which it 
recdves tributaries) jdns the portd van. The abdtxninal vein of amjfliiMans 
and reptiles afi^neais to be r^resented, in part at least, by the epigastnc vein 
vdudi returns the blood,, not from the ventral body-wall, but from the 
gre(a omesOum. This fcdd of peritoneum, loaded vrith fat, lies ventral to the 
intestine sod guxmd. The epigashic disehazges into the htjpsiltic vdm 

Ihe 40 X, spf.) is an ov<M ted body of unuoially imiall ptppor- 

tional'Siabllhaidbedi by p^vtoneum to die skie of tlib peoventriciihis. 
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The red blood cells are oval and nucleated. Leucocjdes (lymphocytes, 
heterophils, polymorpho-nudear-pseudo-eosinophilic granulocytes, baso^Os, 
eosinophils, and monocytes) occur. The blood of pigeons contains no platetets 
but it nevertheless clots quickly. lhromboc3des are present and may be 
involved in the general mechanism. 

Lymphatte System. — ^This is extensive. It includes the lacteals coming away 
from the small intestine. The lymphatics unite eventually to form paired 
thoracic ducts which enter the precaval veins, thus achieving continuity with 
the general circulation (pp. 78, 115). 

■1 4* 


Fig. 407. — Columba: 
Brain and eranial nerves. 

A , from above ; B, from 
below; from the left side. 
cb. cerebellum; c. h. cerebral 
hemispheres; /. flocculus; inf. 
infundibulum; m, o, medulla 
oblongata; o. 1. optic lobes; 
olf, olfactory bulbs; o. t. optic 
tracts; pn. pineal body; 
II — XII, cranial nerves ; 
sp. j, first spinal nerve. 
(After T. J. Parker.) 


M«rvottS System and Hypoidiyds. — ^Ihe brain is remarkable for its short, 
broad, rounded form. Next to those of the Mammalia, the avian brain is 
relatively the largest. It retains several reptilian characteristics — the 
medulla oblongata {m.o.), for example, has a well-marked ventral flexure, as in 
lizards (p. 480). The cerebellum {cb.) is of great size, as mig^t be expected in a 
flying animal in which control of equilibrium is of such importance. There are 
large spino-cerebellar tracts. The cerebdlum has a large median portion and 
two small lateral lobes or flocculi (/.). "nie surflice of the middle lobe is marked 
by transverse grooves, so that the superficial g^y matter is gimtly incr^ised 
in- extent. The fourth ventricle (Fig. 408, w*) is cmnpietely hidd^ by the 
cerebellum, into whudr it does not extend. Thacer^td hemispheres («. *.) ar® 
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large, but consist mainly of the massive and complex corpora striata : cortex 
(resembling that of the reptilian brain) is present in the pallial region ctf . tire 
hemisphere, but it is unconvoluted and not ext^isive. The backward growth 
of the hemispheres to meet the cerebellum has pressed the optic lobes of Hie 
mid-brain outwards so as to take up a lateral instead of the usual dorsal 
position. These are of large and rounded form. Each contains an extenaon 


from the aqueduct (Fig. 408, o.v.), 
a narrow passage which represents 
the or^nal cavity of the mid- 
brain. A further result of the 
growth of the hemispheres and 
cerebellum (respectively back- 
wards and forwards) is that no 
part of the diencephalon (the.) 
appears externally except on the 
ventral surface. Elsewhere it is 
seen only when the hemispheres 
are pressed aside. It contains a 
narrow vertical cavity, the third 
ventricle (iP.), bounded laterally 
by large thalami, and communi- 
cating on each side by the fora- 
mina of Monro (/.»».) (interven- 
tricular foramina) with the lateral 
ventricles or cavities of the hemi- 
spheres. The optic nerves and 
tracts are extremely prominent. 
The tracts are crossed, and termi- 
nate in the mid-brain (as in 
anurans) and in the thalami. The 
thalami receive sensory fibres of 
other kinds and are directly con- 
nected with the fore-brain (in- 



Fig. 408. — Cohunbat Brain. A, with the 
cavities opened from above; B, in sagittal section. 
a, c, anterior commissure; cb, cerebellum; c, h, 
cerebral hemispheres; c, s. corpus striatum; /. w. 
foramen of Monro; tn/. infundibulum; m. o. medulla 
oblongata; o. c. optic commissure; o, ch. optic 
chiasma; o. /. optic lobes; olf. olfactory bulbs; o. v. 
optocoele; p. peduncles of cerebellum; p, c, posterior 
commissure; pn. pineal body; the, diencephalon; 
V®., diacoele; v*„ metacosle. (After T. J. Parker.) 


eluding the corpora striata (c. s.)) and spinal cord. The corpora striata (e. s.) 
are of relatively immense size and form the greater part of the hemi^heres. 
The remarkable development and differentiation of these organs is one of the 


most Characteristic features of the avian brain. There is evidoice that the 


relatively enormous corpora striata are concerned in the control of the reflex 
behaviourisms which largely govan the lives of birds. 

From the ^fpotkedamus there arises a hypo^iysied pmrtal system th^ joins 
it vrith the weli-devel<^)ed pars distalis al Hie asUerior pitwiiary g^and. This 
compound owdocrine structure lies protected in a bony pocket t^ sphentxd. 
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the seUa turcica. The neural lobe of the posterior ^tuitaiy is ateo well 
developed (Fig- 9 ^. p. 150)* 

The anterior lobe is said to be Inpartite. It produces honncBies that 
influence at least the primary sex organs {gonadotrophins), the adrenal cortex 
(adrenocoHicotrophic or ACTH), the thyroid {thyr<drophic hormone) and the 
crop-gland {prolasdin) (p. 583). The administration of prolactin also causes 
broodiness, and the collapse and metamorphcwis of the testis that normally fd- 
lows the completion of spermatogenesis in seasonal birds. Although the avian 
pituitary gland has no recognisable intermediate lobe, there is evidence that 


the anterior lobe of the fowl produces 



Fig. 409.— Cofwmba.* By*. Sagittal aec- 
tion. (M. cornea; ch, choroid; cU ciliaiy 
processes; t>. iris; /. lens; opt, nv. optic 
nerve; pci, pccten; rt. retina; set, sclerotic. 
(After Vogt and Jung.) 


principle exerts an intermedin 4 ike 
effect : it expands the melanophor^ of 
h}rpophysectomised frogs and lizanw. 

The anterior pituitary, in its close 
relationship with the central nervqus 
system and its exteroceptor organs, t is 
ideally rituated as a vital organ in the 
complex structural and functional 
chain by which environmental events 
{external stimuli of various kinds) partly 
control the reproductive and other pro- 
cesses. The sight of another pigeon in 
a mirror, for example, will sometimes 
reflexly lead to enhanced follicle growth 
and ovulation. Ventral stimulation by 
the normal clutch size appears to de- 
press ovxilation in many species. Thus, 
if the female is prevented from complet- 
ing the full clutch by the daily removal 
of an egg, she may continue laying, 
inhibiting broodiness for many wedcs. 


The olfactory bulbs {olf.) are extremely small, in correspondence with the 


poorly developed olfactory organ (see, however, p. 641). 


The spinal cord (Fig. 401, sp. cd.) presents large__brachial and lumbar 


enlargements from which the nerves of the fore- and hind-limbs respectively 


are given off. In the lumbar enlargement there is a divergence of the dorsal 
colutrms of the cord converting the central canal into a wide, diariKHid-shaped 
cavity, the sinus rhomboidalis {s. rhb.), bounded above only by the memluanes 
of the cord. The auUmomic nervous ^stem is essentially tl^ same plan as 
in other tetrapods (pp. 119, 412). 

Oigans of Special Sense. — ^The olfactory orgam axe paired ^ambers at the 
base of the beak, separated from one another by ^emesethm<»4 arid bounded 
externally by the ecto-ethmoid. The latter is prof^hK!^ iawaii«ia hito jdiree 
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sooU-lSefe processes, the iurbtHals, greatiy increase the surface of ntnoous 
membrane. The anterior portion of the cavity, induding the antoior turtihiali 
is covered by laminated epithelium and serves as a vestibule. The posterku' 
portion, mduding the middle and posterior turbinals, is invested by the one- 
layered epithdium of the Schneiderian membrane from which the fibres of the 
olfactory nerve arise. Most birds have a very poor sense of smell (cf. however, 
p.641). 

The (Fig. 409) is extremdy large and has the form of a biconvex lens. 


Bony sclerotic plates help maintain its shape. A 
membrane slides aoross the eyeball, as in reptiles. 
In many species of birds this is the only lid that blinks, 
although the other lids close in sleep. It has been 
suggested that the nictitating membrane closes and 
protects the cornea during flight. Certainly the sliding 
of the nictitating membrane helps keep the cornea 
clean, helped by the fluid (tears) from the lachrymal 
glands which supply each eyeball. 

Within the eye, the iris is controlled by striated 
fibres. Accommodation is achieved by the action of 
striated ciliary muscles (Crampton's and Briicke’s), 
which alter the shape of the r^tively soft lens. At 
the same time a special set of musdes alters the shape 
of the cornea. Cones, as well as rods, are present, and 
the retina bears a well-marked fovea (see also p. 639). 
Projecting into the cavity of the eye from the entrance 
of the optic nerve is a large pedmt {pet.) in the form of 
a pleated and strongly pigmented membrane. The 
pecten, about the function of which there has been 
much controversy, first appears in the Reptilia (pp. 
481 and 640). 


prominent nictitating 



Fio. 410. — CaiunUm: 
Aodto-eqnililinitioii. Left, 
outer aspect of labyrinth. 
FJ, ampulla of posterior 
canal; FB, posterior 
canal; HA, ampulla of 
horisontal canal; HB, 
horizontal canal ; lag, 
U^f^ena, at end of cochlea; 
mr. membrane of Reiss* 
ncr; pb. basilar part of 
cochlea; S, sacculus; 
SA, ampulla of anterior 
canal. (From Wiedeis* 
heim, after Hassc.) 


The ear (Fig. 4x0) is divided into outer, middle, and inner sections, and is 


chiefly <fistinguished internally from that rutiles by the greater development 
of the auditory apparatus. The cochlea is proportionately mudi shorter 
than in TnaiTimala and is straii^t, or almost so. It encloses a basUar membrane 


composed oi numerous fibres bearing hair~cells which are believed to be sensitive 


to vibratkais cl h %b frequency. At the apical end of the codhl^ thme occurs 
another asgKgaldoa of halr-cdls emb&hled in a muemd cupola which, in 
addition, calcareous particles. A lagena occurs, whidi perhaps 


appredates soniuls of km pitdh (see p. 642). 

The tympanic meadnane, cavity and the ajlnmdla have the same essential 
arnmgemer^sfi injflaards. . The /msdra ovo^ is almost' ooduded Iqr the lopt^ 
plate cnteunelia' (p> X4i^ This, and its extenrion, the esdrofCcinmtBa, 
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conveys tympanic oscillations to the perilymph of the inner ear. Eustachian 
tubes, of pressure-equalising and drainage function, run from the middle ear 

and open by a special aperture (Fig. 401, eus, ap.) in 

t the roof of the pharynx. 

There are prominent connexions between the 
cerebellum and the vestibular apparatus. The 
anterior canal (SB) is of great size, and the whole 
f membranous lab3ninth is closely invested by a layer 
of dense, ivory-like bone, the bony labyrinth. This 
can be isolated by cutting away the surround^g 
spongy bone. 1 

Excretory and R^roduetive Organs, and Adrel|al 
Glands. The kidneys (Figs. 401, kd.. Figs. 411 aid 
412, k.) have a very characteristic form. Ealch ia, a 
flattened organ divided into three main lobes and 
fitted closely into the hollows of the pelvis. It is 
formed from the metanephros ; the large mesonephros 

Urinogenitaloigansin Biale. or Wolman body, 

liuritiK biding wason. which forms the . . 

adr. adrenal; d*. urodaeuxn; 

cl*, proctodapum; k. kidney; embryonic kidney, 
ts. testis, that of the right 

side displaced; ur. ureter; atrophies. ihe 

nr', aperture of ureter; vd, glomeruli are SUp- 
vas deferens; vd'. itscloacal j ^ 

aperture; v. s, vesicuia plied by branches ^ ,/# 

pS?' of the renal artery. ^ 

A high degree of 

water-conservation is achieved by the ad- * a 

dition of a long loop of Henle to each ex- ^ ^_| M 

cretory tubule (Fig. 100, p. 155). Through | m 

this water is reabsorbed from the glomerular ^ i !lV ai 

filtrate. There is left for excretion a con- ^>ii^ 

centration largely of uric acid precipitate, 
and sufficient fluid to carry it down the 

(Mr.), which is said in some species to be under pio. 4i2.^ol«mba; Vzinogenitol 

sympathetic control and peristaltic in action. ««»a» to tomato. During b*wsdtag 

j / \ u . season, cl*, urodsum; cl*, procto- 

ihe ureters (Mr.) are narrow tubes passing daeum; A. Wdnuy; i.od. left oviduct; 

direcayb«:k»ardstoop«,mtotheoro 4 emn, LSLS'.SSif 

the middle compartment of the , spertere; ev. ovary, r. od. right ovi- 

There is a difference of opinion as to whether nrirtw/' 

(as in the lizard) more fluid is reabsorbed (After T. J. Parto.) 
from the cloaca. Finally, urine is dis- 

diai%ed with the faeces. The faeces of seabirds, deposited ia great 
quantities on certain coastal islands of Peru, South Africa and elsewhere^ is 


Fig. ii2.^oiumba: Uiinogenttsl 
Ofgaai in fenuUSe During breeding 
season, cl*, urodsum; cl*, procto- 
dasum; k. kidney; L od. left oviduct; 
1. od*. its cloaca! aperture; h its 
coelomic funnel; 1. od*^. its coslomic 
aperture; oe. ovary; r. od. right ovi- 
duct; f. od'. its cloaca! aperture; ur. 
ureter; uf*. its cloacal mpeiture. 
(After T. J. Parker.) 



PHYLUM CHORDATA 


»7 

cdlected as guano (from : Pentvian huano or dong), since it is a vaimdde 
agricultural fertiliser. 

The adrenal or suprarenal glands (Fig. 411, adr.) are prominent yellow 
bodies of irregular shape situated anterior to the kidneys and near the gonads. 
Chrontajffin tissue, secreting adrenalin or its homolc^iue, is inter-digitated (as in 
reptiles) with the lipoidal tissue that is homologous with the inter-renal g^and 
of fishes (p. 252) and the adrenal cortex in the Mammalia (p. 152). BUatoral 
adrenalectomy generally results in death within twenty-four hours tmless 
replacement therapy (cortical extracts) is provided. Adrenal tumours have 
caused virilism in fowls as also in ma mm als. 

The testes (Figs. 401 and 411, fe.) are ovoid bodies, varying enormously in 
size according to the season. They are attached by peritoneum to the ventral 


Fig. 413. — Columhat doaotln* 
gion. The rectum discharges into 
the coprodseum; the urinary and 
p:enital ducts into the urodseum. 
Mixed faecal and excretory materials 
are discharged from the proctodacum, 
but only after fluid has been con- 
served by reabsorption into the 
general circulation through the epi- 
thelium of all three cloacal chambers. 
The lymphoid bursa Fabricii (b. /ab.) 
opens into the proctodaeum and may 
possess a local protective function in 
the young, vent; epidermis; 
m. sph. cloaical sphincter; mite, 
mucous glands; r. rectum; ttr, ds vd, 
papillae of ureter and vas deferens 
(or oviduct). (From Young, after 
Stresemann.) 


surfaces of the anterior ends of the kidneys. Internally each testis is composed 
of convoluted seminiferous (spermatogenetic) tubules in which are elaborated 
spermatozoa. Between the tubules are aggregated Leydig (irUerstitial) cells 
which produce the sex hormone testosterone. Tubules are under the control of 
the gonadotroifiiic tubule-stimulaHt^ hormone (»» follicle-stimulating hormone 
in female) and the interstitial cells are influenced by the interstitial add sUmuial- 
ing hormone (=& luteinising hormone) of the anterior pituitary. The testes are 
permanently retained within the body cavity— -there is no temperature-regulat- 
ing scrotum, sudi as occurs in most mammals (p. 889). It has beoi suggested 
that the abdominal air-sacs (p. 587), which extend into the testicular region, 
may reduce testis temperature and be concerned indirectly with spermato- 
genesis. but tibb is not proved (see also p 644). 

From its mner bordmr eadi testis g^ves oS a convdutedMws deferens (v< d>) 
which mmier si^emiid^meoa postmioriy, patalld wi^ ,tiie ureter, to open Into 
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the urodaum on the extremity of a small papilla (Fig. 4^3}. The posterior 
end of the sperm-duct is enlarged to form a vesicula spinalis (». s.). Tbete is 
no copulatory organ in pigeons. 

The female organs (Fig. 412) are remarkable for the more or less comfidetc 
atrophy of the right ovary and oviduct. The left ovary (ov.) is a large organ in 
the adult bird. Its surface is studded vdth follicles each contairung a single 
ovum. The ovary is governed in its seasonal activity by foUide-siimtdating 
hormone (— tubule-stimulating in male) and the lutetnising hormone (a= 
I.C.S.H. in male) of the anterior pituitary. It produces the female sex hor- 
mone, cestrogen, which modifies the accessory scxahl organs and behavibur. 
Progesterone (p. 152) or a progesterone-like substance has been detected inVthe 
blood of both hens and cocks, but not from castrated birds. \ 

The left oviduct (/. od.) is long and convoluted. Its anterior end is enlarged 
to form a wide membranous oviducal funnel (/. od”.) into which the ripe oVa 
pass after extrusion from the follicles. The rest of the tube has thick muscular 
walls, lined with glandular epithelium, and opens into the urodaeum! An 
obvious vestige of the right oviduct (r. od.) is found in connexion with the 
right side of the cloaca. A more or less extensive vestige of the right ovary is 
frequently present. 

Insemination occurs when the proctodaea of male and female are everted 
and brought together. The sperms au-e shed into the female tract and travel 
up the oviduct, where fertilisation occurs. As the ova or ' yolks ’ pass down the 
oviduct they are invested with the secretions of its vau’ious glands Successive 
layers of eUbumen or ‘white’ are deposited first, next a parchment-like double 
shell membrane, and lastly a white calcareous shell. Two eggs aure laid in a rough 
nest, and are incubated by the paroits for fourteen da3rs, the temperature 
being in this way kept at about 38° to 40® C. (100® to 103® F.). At the end of 
incubation the young bird is sufficiently developed to break the shell and 
begin free life. It is at first covered with fine down, and fed by both parents 
with the so-called ‘pigeon’s milk’ (p. 583). 

GENERAL ORGANISATION OF BIRDS 

The range of structural variation in the entire dass of birds hardly equals 
that of a single order of reptiles {e.g. pp. 496, 498). Among existing l»ids, the 
Emu and ravens, which stand nearly at opposite ci the smes, present 
nothing like the anatomical differences to be found (for exam^) between a 
common lizard and a chameleon. Hence, in dryidiag the dass into orders, we 
find none of those strikingly distinctive characters wfikh separate the orders of 
fishes, amphibians, and reptiles, but must be content wiA charactera which in 
other groups would be considered insigntficai^ Such chacactccs' fedude 
details in the structure of the skull and sternum, in the msanflement of 

mi^desof the wing andleg,inthclonnrd4imj0o^ 
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of the newly-hatched young. It is for this reasrai that in the dasnficatiflsi (p. 
606) few diagnostic detads are given. To define each oider adequately WMdd 
involve a degree of taxeKuxnic detail beyond the scope of the presntt woriu 
The difierehces betweoi the two avian sub-dasses, the Aichseomitfaes mid the 
Neomithes are, however, of a fundamental nature. 

SUB-CLASS ARCftEORNITHES 
Order Arch^opterygiformes 

These Mesozoic (p. 3) birds had no pygostyle (ploughsh ar e bone). TTiey 
possessed a long tail of many vertebrae, with the rectrices arranged in two lateral 



Fig. 414. — SwixIsH . sttliM, Order A ldl i a P itaiW l W l irBi ai t Fsouly AMuMltamllai, 

^relHeopi9rif9. Almost Hie lint birds, these (ten) were JoiesHc contemporertes ol eatly 
pterosaurs ('pterodeetyls') such ss Rhampkotkynchus {rifpxt) (p. 504). The flyiuf leptites did 
not survive Into Cenoisoic HmtB (p. 3) and lel^ no descendants. Although the Aschaeopterygi- 
lormes (above), and also the He^ierornithildriiies and lchth3roriutlnfoniies (p. 603), seem to have 
oied out in Cfs^aceotts, at least one related line doorished and led to Ihe modem Idids. 

(Kedrawn alter B; M, mtalcgfue, lieilmaan and othen.) 

rows. Tlie caipals and m^acarpals were Ihee, and the hand had three dawed 
digits. EttMneSed^aMwned teeth were {aesent in both jaws. So far two 
genera have heeti desefflied, eadi with a sin^ SfKBCtes. These are Arekao- 
P^ryx UthegrmpkHM 415) and AiAamm only 
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from two specimens ^ found in the Upper Jurassic limestone of Solenhofen in 
Bavaria. Each was about the size of a crow. They probably belong to the same 
genus or even species, in which case the name Archaopteryx has priority. In 
the fossils the impressions of many of the feathers arc preserved. Had this not 



been so, it would not be easy to 
separate the fossils from those of 
certain small bipedal dinosaurs. 

A most striking feature in 
their organisation is the tail, 
which ’was composed of al|out 
twenty free caudal vertepr® 
gradually tapering to the distal 
end, as in most reptiles, ijlhe 
rectrius were arranged one pn 
each side of the caudal vertebr®. 
The sacrum was made up of only 
about six vertebr®, as in the 
omithopod dinosaurs (p. 508). 
These centra had amphiplatyan 
faces with no indication of the 
heterocoelous condition found in 
extant birds. In addition to 
cervical and thoracic ribs (which 
were apparently devoid of un- 
cinates), there were thin abdomi- 
nal ‘ ribs like those of Sphenodon 
and crocodiles. These gastralia, 
or so-called ' ventral ribs are ele- 
ments of dermal bone which lie in 
the ventral wall of the abdomen. 
There is no evidence that any of 
the true ribs were articulated 


X V 5 ’~-^*’**®®l**«’V*** Bariinwedmtn. The 

4*6) The skull (Fig. 416) was 

Arclutopteryx is an example of mosaic evolution like , . , * .^i. 

Seymourta (p. 427) and the pictidosaurs (p. 517). e. proportionately large, With a 

Sd?ut! M.' rounded, bird-like brain-case and 

strong jaws, in each of which 
was a series of conical teeth lodged in sockets. The jaw-bones, howevc, were 
hea\^ than those of modem birds, and the teeth, thou^ characteristically 
reptUian, 'were relati'vely small. The eyes 'were large apparecdfy arian. 


'With the small sternum. 


inconylete, fmU has now (1959) be«i fonnd In Um LaagnuU^^w Hwrdt 
qaany, Onetres tower than, and 97 yean aftw. the 
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The sternum, hidden in the limestone matrix, but revealed by the fluca«scrait 
quality of fossil bone under ultra-videt light, was flat without a keel (de Beer). 
The coracoids {co.) vrere small. The scapulse (sc.) were slender, curv^ bones, 
and there was a U-^ped furcula (d.) formed by the fusion of the da'ddes. 
The bones were apparently without air-spaces (Fig. 387, p. 572). The vwtdbral 
articulation was simple and non-avian. The fore-limb skeleton was about the 


Fig. 416 . — Arehagapieryxs 
Skull. The toothed rostrum, 
sclerotic plates, and the large 
orbital and antorbital a^r> 
tiires are clearly shown. Kn- 
largement of cranial bones 
reduced the two temporal 
apertures characteristic of 
archosaurian reptiles. (From 
Headley, after Dames.) 



same size as the hind-limb. The shape of the humerus reveals that the biceps 
muscles were not powerfully developed. The radius and ulna were well 
developed. The metacarpals were free, as in reptiles, except for the third 
metacarpal, which was fixed with the carpal ossification — an indication of things 
to come. The number of phalanges followed the usual reptilian rule : two in 
the first digit, three in the second, and four in the third. The ungual phalanx of 
all three digits was claw-shaped, and doubtless supported a homy claw. Despite 
its feathers, the fore-limb was still essentially a foreleg (Figs. 415, 417). 


Fig. 417. — Arehmopt- 
erpx: Ma m ii. (Riglit). e, 
carpal; d i. first digit; a, 
second digit; 3, third digit; 
m, tn. metacarpals; r. 
radius; tt. ulna. (From 
Headley, after Dames.) 


The remiges were divisible, as usual, into primaries (or metacarpo-digUals) 
and secondaries (or cuUtals). The primaries were probably attached to the 
second, or to the second and third of the digits just described. The leathers 
were of the delicate structure shown in modem birds. 

The pelvis and the hind-limbs combined both avian and reptilian charactets. 
'Hie dongated and backwardly directed pubis was bird-like. The separate tibia 
^d fibula were of about the same length : there was no suggestion of fibula 
redttcti(m,.M in modem birds. The foot consisted of a iofsotneUdarsuif 

^nd four ' T)» hallux was small and of^xisalfle, as in many modem Iwds. 
voL.n. 
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In addition to the wing and tail-quills there are remains of contour leathers 
at the base of the neck and wing-coverts. Moreover, the rectrices were con- 
tinued forwards by a series of large feathers whidi extended for some distance 
along the sides of the body, and a row of similar but smaller feathers was 
attached along both anterior and posterior faces of the tibio-taisus. 

These birds could not fly efficiently. The small, flat sternum, relatively 
slight wing-spread and elongated, feathered, Uzard-like tail make it clear that 
they merely volplaned from branches. The free, probably clawed, digits of 
the fore-limbs suggest a scrambling progression among branches. The evplu- 
tion of true flight by arboreal Arch(eopteryx-^]s.e tuiimals is more plaus^Ie 
than Nopcsa's surmise that avian flight was first developed in feather^ teites- 
trial, bipedal animals that volplaned off the groimd -while running at speed. 

Recent studies of an endocranial cast of Archesopteryx confirm Eding^t’s 
suggestion that the cerebral hemispheres were smooth, long, and narrow, atnl 
that the cerebellum was small. The latter lay behind the mid-brain instead of 
overlapping it from behind and pressing it down to a more ventral level, as in 
modem birds. For the purpose of its limited powers of flight, Art 3 %etopUryx did 
not require a high degree of cerebellar co-ordination (de Beer). Thus the brain 
was in certain important respects reptilian rather than avian. It seems almost 
certain, on the other hand, that the Archeeomithes were homoiothermous. 

There is every reason to believe that Archceopteryx was a forest bird, yet 
all three specimens (and an isolated feather) were embedded in marine beach 
deposits. It would seem that they were blown seawards (as are even expert 
fliers to-day), and so fortuitously came to rest in the fine-grained mud in which 
they were so wonderfully preserved. 

SUB-CLASS NEORNITHES 

This includes all other known birds (both extinct and living), which, 
according to some authorities, fall into four super-orders— z. Cretaceous Odon- 
tognathx (e.g. Hesperornis, li^fthyomis)', 2. Palaeognaths (e.g. Ostrich, Emu, 
etc.) ; 3. Impennae (penguins), and4. Neognathseof more than a score of relatively 
modem orders. In all these groups the greatly shortened tail usually ends in 
a pygostyle, around which the rectrices, when present, aiwarranged in a semi - 
circle. Except in a few extinct forms tha% are no teeth. The metacaipals 
are fused with the distal carpals to form a carpo-metacarpns. Except in one 
instance, not more than two ffigits of the hand bear daws ; in nearly all cases 
daws are absent in the manus. The sternum is weU-devdoped nod usually 
keded or carinate (p. 577). 

The Neomithes, as far as is known, first appeared in the Cretaceous. 
Cretaceous representatives were specialised water-birds that are preserved in 
dialky marine deposits in North America. These l(nms (e.g. JtikS^^onds, Hes- 
fmuhm) tfaeiefme probably give a no mote chareoterfatic impaieaiiup ^ tb® 
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Iate-Mesoz<»c avifauna than do divers (Gavia) or pelicans (Peleeantts) of that d 
to-day. Very little direct evidence is available concerning Cretaceous land* 
birds, although fragmentary fossils seem to make it dear that large fUghtlesB 
‘ratite’ (p. 606} and other toothless birds already existed. Flying fore$t-l»rds 
in particular, are very rarely entombed in silt. Further, the rdatively light 
bones of birds do not seem to preserve ■well, except in especially fortuitous 



Fig. 418.— Sub-class Wmirilfmi Super-order OdOBtonwIto, Orders Bespenndiliitonnes aM 

TfhihtfomiM. Birds attained their modem appearsm^ m 
the Cretaceous but the d^htless, supei^ci^y loon-Kke Htspetontis (bdow) nevertheless retaiiwd 
true teeth (Fig. 419). /eWhyomis (above) was a strongly-flying, keel-breasted, tem-Uke bird 
(Fig. 420) the head of which hu not yet bem found. (Redrawn from various sources.) 

circumstances {d.g. p. 602). Fossils become more plmtiful in Tertiary deposits, 
but these, too, are often fragmsitary, and many of their rdationships are 
highly ^leculative. By the Eocene and ^igocene, howevw, we find exampSes 
of most of the flying, swunming, and running types f a mili a r today. 

The Neomithes have been anaiiged as follows : 

SUP£R>ORD£R ODONTCXJNATiyB 
Th& C^iiiiiaioeons <p, 3) grouip r epy es en ts probably the first of the several 
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time of the initial emergence of amniotes (p. 457), various reptilian, a^ian, and 
pioTtiTnaliati stocks successively became partly, and occasionally wholly, 
marine. Although in regard to numbers birds may have become more success- 
ful seafarers than any other amniote class, none has ever become viviparous 


Fig. 4ig.^Heaperomia: Skeleton. 
H. regalis was a marine Cretaceous 
bird that had become highly special- 
ised to an aauatic life. The teeth, 
adapted for fishings were in grooves 
and not in sockets like those of 
A rchaopteryx (Fig, 4x4). Teeth were 
absent from the premaxilla : a 
homy beak was probably already 
present. Hespefornis seemingly 
possessed a strong convergent re- 
semblance to modem divers (loons) : 
the posture shown above is therefore 
much too erect and the feet should be 
more laterally placed. The occurrence 
of such widely divergent marine 
types as Hesperomis and Ichthyornis 
(Fig. 420) suggests that land-birds, 
too, must have radiated considerably 
in the late Cretaceous. Both the 
above-mentioned birds were pre- 
served in Kansas chalk-deposits. The 
figure (right) is about x/7 natural 
size. See also Fig. 4x8. (After 
Marsh.) 



and entirely aquatic. The Odontognathae are especially interesting in their 
retention of teeth — ‘so advantageous for catdiing fish’ (Storer) — probably 
after teeth had been lost in the main stem of avian evolution. It was for 
many y^rs believed that the Odontognathae possessed a brain more r^rtilian 
than avian, but by the use of cranial casts Edinger has shown that the opposite 
is true. 


Order HESI>BRORNltHIFORMES 

H espawnis (Fig. 419) was a powerful marine ^ving and swimmir^ bird 

from the Cretaceous of North America which stood pediape 3 feet high. Kiarply 
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pointed teeth were carried in grooves, not in distinct jaw sockets. The ^ne* 
maxillse were without teeth. The neck was long, the body ; and 

the sternum lacked a ked. The shoulder-girdle was much reduced, and tte 
bird was almost certainly flightless (Fig. 419). The hind-limbs were powerful, 
and the toes probably webbed. 

The order contains three families: Hesperomithidx (e.g. Hesperomit, 
Hargeria, Upper Cretaceous of North America) ; Enaliomithidae (e.g. EmUomis 


Fig. 420. — tchthymmiBs SI 
Ichthyornis is often shown as a t 
bird but there is no evidence 
was so equipped. The toothe 
with which it was associated pi 
belonged to a mosasaur (Squ 2 
The keeled sternum and the sti 
of the pectoral girdle showed 
was a powerful flier (Fig. 4 if 
the vertebrae were still amph 
About eight inches high, /. 
possibly resembled a modern 1 
general form and economy. T1 
an Upper Cretaceous form, Trx 
date from at least the Eocene, 
fled after Marsh.) 


of the European Lower Cretaceous; Neogaornis of the European Upper 
Cretaceous); and Baptomithidse (e.g. Baptornis, North American Upper 
Cretaceous). 

Order Ichthyornithiformes 

This order contains several species {e.g. Ichihyornis (Fig. 418) and Apatomis) 
found in the same deposits as Hesperomis. The brain of these somewhat tem- 
Hke marine flying birds was of the typically avian pattern. It was formeriy 
believed that small, recurved and pointed te^ were set in sodeets, but Gregory 
has shown that the toothed jaws attributed to Ichthyornis probably belcmged to 
reptilian mosasaurs. It is not yet known whether these birds had teeth rrr 
^'ot. The neck vertebrae were amphicoelous. The sternum had a wdl-devdi^»ed 
keel, and fhe 'wings w«e not unlike those at rnodtan flying lards (Fig. 420). 

The order contains two tomilies: Xchthyomithidse (e.g. and 
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Apatomithidee (e.g. Apatornis). All known specimens are from the Upper 
Cretaceous of North America. 


SUPER-ORDER PAL.SOGNATH.E 

These are almost always flightless and usually of large aze. The sub- 
stantial cerebellum is an indication that they are descended from volant 
ancestors. There is some evidence that the stock appeared at the end of 
the Mesozoic, and some (Emu, cassowaries, Ostrip^, Rhea) are sufficiently 
powerful and adaptable to remain relatively plentiful to-day in the face i^f 
imprecedentedly savage competition by Man and his domesticated anima^^. 
One, the Ostrich, is farmed for its specialised filamentous plumage. Paheo- 
gnathous birds, with a generally raft-like sternum, have been considered as a 
flightless 'Order Ratitae’, as distinct from an ‘Order Carinatae’ of keel-breasted 
fl3dng birds. Such an arrangement is untenable ; several flying birds in special- 
ised habitats have lost the carinate condition, and become raft-breasted in 
varying degree along with the abandonment of flying. 

De Beer has now assembled evidence that the 'ratite’ palate (see below) is 
not primitive, but neotenous. It probably represents an early stage ‘through 
which the palate of many carinates passes during development’. In short, the 
so-called old palate (Fig. 434, p. 631) is probably an arrested development of the 
ncognathous condition (see McDowell). Whether the flightless birds constitute 
a single natural group, or whether they are a heterogeneous assembly that have 
pursued more or less parallel lines consequent upon the loss of flight is at 
present unknown. The palseognathous palate varies greatly, as will be seen 
if the skull of an Ostrich, kiwi, cassowary, and tinamu are compared. Except- 
ing only the Ostrich (which still exists commonly north of the equator), these 
birds live to-day only in southern continents and islands. It is impOTtant to 
remember, however, that ostriches were spread over much of the Eurasian land- 
mass in the Tertiary, along with even larger ostrich-like forms. 

The feathers of such birds are ‘primitive’, in that they have no hooked 
barbules, so that the barbs are free (Fig. 381, p. 561 ; Fig. 3S4, p. 568). Such 
feathers are a further neotenous character; they are essentially similar to down. 
Apteria are usually absent in the adult. 

The rectrices are absent or irregularly arranged, and the p3^ostyJe is small 
or undeveloped. The sternal keel is vestigial or absent. The coracoid and 
scapula are comparatively small and completely ankylosed. The acrocora- 
coid process is vestigial, and the coraco-scapular anj^e apj^tfaches two right 
angles. The wing is reduced in size and may be vestigial or abseut,: There 
are large basipterygoid processes developed btom the baidspl^oid. The 
vomer is large and broad, and separates the palatines, which do not oome into 
49Ctntact with the cranium (cf. neognathous or so-called *iieW; fatwd’yooodif*®**’ 
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p. 6x3}^ Tlus condition occurs also in the toothed oiotUogtutth/mi fonns 
603), and recalls to some degree that of archosaurian reptiles (p. 498). Tlw 
quadrate articulates with the skull by a single or partially divided facet. 
Permanent sutures between the skull bones are another result of neotmy, 
i.e. 'the secondary retention of features which were juvenile in the ancestors 
of the ratites’ (de Beer). 

The males have an erectile penis and the females a clitcnis. The young are 
precocious. 

Order Struthioniformes 

The Ostrich {Struthio camdo) of Africa and Southern Asia (Arabia) is the 
largest living bird, standing nearly 8 feet high. Ostriches retain only two toes 
(the third and fourth), and the feathers lack an aftershaft. They extend their 
rudimentary wings while running at speed. The story that the Ostrich buries 
its head in the sand in order to conceal itself is untrue. A squatting bird, 
however, will often lower its head to a position parallel with the groimd, and 
thus render itself less easy to see because of its obliterative coloration. Ost- 
riches occurred in the Pliocene. 

Order Rheiformes 

These (genus Rhea) are two species of large running birds of the South 
American pampas which seem to occupy an ecological niche approximately 
similar to that of the surviving Australian Emu. Rheas retain three toes. 
The genus occurred in the Pliocene. 

Order Casuariiformes 

Emus (Dronueus) and cassowaries (Casuarius) of Australia, New Guinea, 
and the East Indies. Of the vegetarian emus, which are known also from 
Australian Pleistocene deporits, only one species survives. This is a plain- 
and savannah-dwelling form, which is in no danger of extinction. It stands 
nearly 6 feet high- It is a swift runner and, in addition, has each inner toe (of 
the three) equipped with a powerful daw with which- it can rip the belly of a 
dog. Next to the Ostrich, the Emu is the largest living bird. Its feather 
after-shafts are about the same length as the main quills. 

The fruit-eating cassowaries are confined to the dense tropical rain-foreste 
of Australia (one spedes <mly). New Guinea, and the East Indies. The wattled 
neck and briBiantly coloured head of eadi ^xscies are surmounted by a tall, 
homy casqiK, udiich pfitobaUiy helps the pudt tfatough the thidc * jun^do • 
Cassowaries, too, can dbembowd a dog witii a single ki^, and occasionally 
humans have been kUled by the powwful, diaip innw toe. In both Emu and 
cassowaries the are reduced to vest^^ supported by a dngle d^t. The 
wing rudiaieiitstcl icassqwaries^Me distinguished by the possessi^ ,ol several 
spine-like, feathaMn^t sdhc Mhes Tfio dwsal leatiMcs are 
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long, and fall over the sides in a thick, almost hair-like protection against the 
spiky rain-forest tangles. Pre-Pleistocene fossils have yet to be found. 

Order Apterygiformes 

The kiwis {Apteryx, Figs. 421, 446) are confined to New 2 ^aland and ad- 
jacent islands. They are relatively small, almost wingless birds, about the 
size of, or a little larger than, a domestic fowl. They run swiftly and defend 



Fic. 421. — Sub-class Neonithai, Super-order PalwiosnathsB, Orders IMnoniiihifoniiM and 
AptnjrsilonnM. Dtnomin and Aptwyae. Moas (left) became extinct in geologically recent 
times. They showed a degree of convergence with ^raffes. The earth-probing kiwis (right) are 
protected by law, and some are not uncommon in many localities. Both groups ori^nated in 
and are confined to the islands of New Zealand. 

themselves with their claws. Kiwis are nocturnal, and live principally on 
worms and insects caught by a long probing beak, the nostrils of whi^ are at 
the tip of the maxilla. The eyes are small (p. 640). The eggs are relatively 
the largest of all living birds (see also p. 609). The feathers have no after- 
^aft. Pre-Pleistocene fossils have yet to be found. 

Order DiNORNiTHiFOitMES 

The remarkable moas (families Dinomithidte and Anomalf^Jterygida) of 
New Zealand Were of perhaps twenty spedes.rangil^ front the size of a ttorkoy 
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to the giant Dinoruis maximus about 10 feet high (Fig. 421). In nuMt spedea 
the wings and pectoral girdles had disappeared completely, and in no case was 
there any trace of a keel on the sternum. The beaks were diort and the massive 
legs had four toes. They were probably vegetarian, some perhaps feeding m 
the manner of giraffes. Many Pleistocene fossils are available. Bones and 
even the loosely constructed feathers (without barbicels) have been preserved 
in middens. Moa bones were used by the Maoris as implements, and it has 
been generally thought that the birds were exterminated when New Zealand 
was colonised by them about the year a.d. 1350. This view is now subject to 
considerable doubt (Archey). Modem ex- 
cavations show that moas were indeed 
killed in great numbers, but probably by a 
pre-Maori people who also buried moa-egg 
containers (holding about two quarts) with 
their dead. There is some evidence that 
moas disappeared less than a century 
before the arrival of the Maoris who in 
turn exterminated the earlier New Zea- 
landers. 

Order ^pyornithiformes 

The giant flightless Madagascan Mpy- 
ornis ('Elephant-birds’) were extinguished 
in recent times, perhaps only a very few 
centuries ago and therefore rather later 
than the moas. They possessed rela- 
tively tiny wings, but had stout, power- 
ful legs and four toes. Some were larger 
than ostriches: M. titan was about 10 feet 
high. Eggs have been found measuring 
13 X 9'5 inches, with a probable capacity 
of about two gallons. It is not improbable that Mpyorms and its allies 
inspired the exaggerated stories (Marco Polo, Arabian Nights, etc.) of the giant 
Madagascan Roc, whidi was claimed to be big enough to carry off an elephant. 
Although it is possible that the egg of /Epyornis is the largest animal cell that 
has ever existed, it still falls rather bdow the size attributed to Roc’s eggs — 
(‘as big as a butt’). North African Pliocene fossils have been found. 
Madagascan fossils are Pleistocene. 

CMtOER Tinajaiformes 

The aflimries of the supei^cially partri<^:e‘like, almost tail 4 ^ ttnanus 
(Fig. 422) are uncertain. Tiaditkmally tl^ have bean jdaced hi the position 



Fig. 422. — Order TilUUnitonnM, Fam- 
ily Tbuimito. A'wdromta. E. ekgans 
is, like many tinamus, extremely success- 
ful and widely distributed. In its various 
races it occurs from the valleys of the 
Andes to the Atlantic, and from Northern 
Argentine to Santa Cruz. Future re- 
.search may shift the tinamu.s from the 
Paheognathap to near the neognathous 
galliformes (p. 615). (Redrawn after 
Grasse.) 
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given them here but there is much to be said for placing them near the Gdli- 
formes (p. 615) in another super-order (Neognathae) altogether. Tinamus are 
essentially cursorial but they can fly clumsily over short distances: the sternum 
is keded. At the same time most authorities believe that their palatal struc- 
ture generally agrees with that of the paheognathous forms dealt with above. 

There is but one family — the Tinamidse — of more than fifty species which 
are confined to the mainland of southern Mexico, and Central and South 
America. The various species have spr<^d widely throughout open pampas, 
equatorial forests, and high into the barren uplands of the Andes. 

When flushed, tinamus (which are cr3rptically coloured) usually run rapidly 
and may conceal themselves by squatting. They do not perch. ThCy are 
essentially vegetarian. Their eggs are remarkable; the shells are mghly 
glossy and of a single, often intense, colour, according to the species. Fossils 
are rare; some South American Pliocene and Pleistocene remains have\been 
identified. 


SUPER-ORDER IMPENN^ 

Order Sphenisciformes 

Although penguins (Fig. 423) are here placed in a separate super-order, it 
should be remembered that, despite their remarkably different appearance 
from all other birds, they undoubtedly exhibit fundamental similarities wth 
the birds of the following super-order (Neognathae), in which they are dften 
included. Some have suggested that penguins evolved from flightless raft- 
chested sea-birds but this view hats little in its favour. The badance of evidence, 
summarised by Simpson, suggests that the group evolved from a volant stock 
in which the wings were used both for flying and swimming (as, for example, 
by the extant auks). With the loss of flight amd increase in weight, the wing 
became increasingly efficient as a flipper which is nevertheless still used in 
exactly the same motion as that of a bird in flight. 

Penguins have become wonderfully adapted to swimming amd diving. The 
bones, excluding certain skull-bones, ane solid and there are no air-sacs within 
the body. The closely packed plumaige holds very little aur. The bon» of 
the featherless wings have become flattened amd united to form a powerful, 
resistant paddle or flipper which moves only at the Moulder-joint. It seems 
probable that this flipper 'never ceatsed- to be a functimial wing, but only 
changed the medium in which it functioned' (Simpson). The paddles are 
used also for fighting, amd, in some species, for terrestrial locomoticm. The 
hind-limbs are strikingly modified for swimming. The metatamsals, unlike 
those of other birds, are only partly fused and the feet atre stroi^y webbed. 
The short, heavily pau:ked plumage and subcutaneous fat (iteponts axt msulat- 
ing in function. The body is sleek and streamlined, and ctkn the least 
possible reMtance to diving amd submarine activities. 
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Althoui^ osie species has hdlowed the cold Humboldt current as fair ncnrth 
as the Galapagos, penguins are typically Soutiiem Hemisphere birds. Tlmy 



Fig. 423. — Sub-class Naofnitheiv Super-order ImpennsB, Order SpliiSidseifofilMSt Family 
SphenisoidsB. SnviromiiAiii, devali9nieiit» sad belisyioiir. In its successful colon- 

isation of the harsh Antarctic mainland, the Emperor Penguin, A . forsteri, has developed a series of 
remarkable, even bizarre, forms of behaviour. During blizzards the birds huddle tightly together 
in thousands, backs to the wind, with the chilled outer rank frequently changing places with 
warmer birds inside. The species establishes no territory and builds no nest. The female la^ 
in the tempestuous darkness of winter and the single egg, and later the chick, is carried on the 
feet covered by a fold of tissue. The egg is early transferred to the male and the female goes off to 
tile sea (often as far as 50 miles away) for approximately the whole incubation period of some 
63 days. She returns l^en with subcutaneous and peritoneal fat, and brings crustacean krUl 
'paste* to the male, whom she now relieves. Correlated with the mode of its transportation, 
and the time of its hatching, is the slow developmental rate of the Emperor chick. By comi^rison, 
the young Adelie Penguin (Pygoscelis adelie), which hatches in a nest in the same region in mid- 
summer, grows rapidly and is relatively large at the start of the next winter. Also correlated with 
the stringent environmental conditions is the development in the Emperor of a most exaggerated 
parental drive. Stray chicks are sometimes crushed to death — kiUed by kindness — by over«> 
solicitous potential foster-parents. Levick says that chicks sometimes crawl under icy ledges 
to escape teing cared for, and that even dead chicle may be carried about until the down is rubbed 
off their bodies, (From photographs by courtesy of F.I.D.S.) 


occur in greatest ntuabets betweoi the southern extremes of South Amoica, 
^uth Africa, Australia, and the Autaictic cemtinent (p. 6ia). They appear 
^ mid-Tertisxy deposits in South America and tm Antarctic idands. Certain 
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Fig. 424.~-lleontiihe8: Adaptation and geographioal diatxibntion. The minute spot (arrowed) 
in eptem Australia roughly indicates the total distribution of the passerine Sydney Rock Warbler 
{Origma rubricata). The vast cross-hatched ocean area approximately covers the distribution of the 
penguins (Spheniscid^). 

In a restricted region of exposed Triassic sandstone, a small modem warbler has become essen- 
tially a rock-hopper. It wedges spider-web into a horizontal crevice in the roof of a dim cavern 
and to this it anchors its bulky moss and root-fibre pendent nest; its eggs have become white: 
it has become Origma rubricata. During the past 50 years odd deviant nests have been reported 
hanging in a limestone cave, culverts, a tent, an engine-room, a sewer shaft, a hollow log, and an 
artist'.s studio. The Rock Warbler is adapted to reproduction in spacious hollows. These are not 
found in quantity in surrounding geological formations; hence the restricted distribution. 

Penguins no doubt evolved in the south, and became remarkably adapted (p. 6n) to life in 
cold seas. They thrust out in all directions, colonising and speciating. One species — ^the Gala- 
pagos — ^is enabled by the cold Humboldt current to live on the equator; but none has been able 
to cross the warm seas to colonise the Arctic — as has, for example, the strong-flying Great Skua 
{CatharoiCia skua). Another species (the Humboldt) has spread along the colder western coast of 
bouth America, and the Gentoo and Rockhopper (both circum-polar in distribution) reach 
southern South America. Another (the African) lives in South Africa, and yet another (Fairy) in 
southern Australia and northern New Zealand. Four species inhabit the southern islands of New 
Zealand, where one breeds in woodland. Of the 17 species, only three (Chinstrap, Adelie, and 
Emperor) have successfully invaded the Antarctic continent. 


SUPER-ORDER NEOGNATHJE 

This great group is characterised by the ^new jaw' arrangement as opposed 
to that of the palaeognathous or 'old jawed' condition (p, 606). If the conclu- 
sion is accepted that the palaeognathous condition is an arrested stage in the 
development of the neognathous palate, it foUows that it is the so-called 
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'new palate’ that is the primitive condition (unless <me looses "to believe in 
the Theory of Recapitulation). In the neognathous condition the palatines 
extend posteriorly, make contact with the base of the cranium, and cmne 
into mobile articulation with the short pterygoid bones. The vomns, too, 
are brief. (In palseognathous birds this palato-cranial articulation is rigid.) 
Neognathous types arose in the Cretaceous (p. 3), radiated in the Tertiaty, 
and became the dominant il3dng vertebrates. More than twenty orders (in 
the ornithological sense, p. 555) ^re represented, a few of which include the 
numerous species that occur on every city b uilding and garden. They are as 
follows: 

Order Gaviiformes 

The long-necked loons or divers {Gavia = Colymbus) fall into a single family 
and genus of piscivorous sea- and lake-birds from North America, Europe, 
and the Arctic. In some characters {e.g. posterior position of legs) they have 
converged with Hesperomis (p. 604) but, on the other hand, they are powerful 
in flight. They lay their eggs in exposed places in nests made of piles of 
vegetation. Early Tertiary fossils are knoAvn. Some authorities include the 
(livers with the next order. 

Order Podicipitiformes 

The compact-bodied grebes (single family, Podidpitidae) are also often called 
‘divers’ because of their habits. They are freshwater birds of almost cosmo- 
politan distribution. They are almost completely aquatic and build floatii^ 
nests. They are commonly said to be suffldently agile to dive after a gun-flash, 
yet escape the bullet. This story has gained currency solely due to poor 
marksmanship. The toes are lobate and the legs are placed far back. Tertiary 
fossils (x:cur. 


Order Procellariiformes 

These are tube-nosed, long-winged sea-birds, of which the following families 
are recognised: Diomedeidae (albatrosses), Procellaiiidae (fulmars, shearwaters, 
etc), Hydrobatidae (= Thalassidromidae) (storm-petrels, etc.), Pdecanoididae 
(diving petrels). Members of this order have penetrated the furthest limits 
of every ocean. The albatrosses, however, belong essentially to the Southern 
Hemisphere, although many cross the equator. Tube-nosed birds range in 
size from tiny storm-petreb (e.g. Oceanites) less than 7 inches loiig to the great 
soarii^ albatrosses (e.g. Diomedea) with a wing-spread of about xz| feet. 
Petrels got their name from St. Peter because they seem to walk on the water. 
They are called by sailors ‘Mother Carey’s Chideens’. (‘Mother Carey’ is a 
corruptionof Afnbr Cara, the Blessed Virgin.) Procellariiformes breed general- 
ly on islands or diffs, oftor in very high latitudes (e.g. Fidmarus). One diear- 
water, Pu^tms ienmrti^s (flhe fledg^ii^ of wfaidi is salted as ‘mutton-Wrd’), 
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breeds on islands off the Tasmanian coast and then makes an axormous drcum- 
oceanic migration via New Zealand, Japan. Alaska, and California, amving 
bjirV in southern Australia about the same 12 days every year. All tube-4iosed 
birds lay one large egg, sometimes in a burrow. Some eat plankton and fishes ; 
others are scavengers. They are among the few birds with a well-developed 
olfactory apparatus (p. 641). They appear in Oligocene deposits. 

Order Pelecaniformes 

A polymorphic assembly of voracious fish-eaters which occupy the following 
families: Phaethontidae (Tropic- or Bos'un-birds), Pelecaini^ (pelicans), 
Balaenicipitidae (Shoebill), Pelagomithidae (gamoets and boobies), Phalacro- 
coracidae (cormorants and shags), Anhingidae (darters or snake-birds), auid 
Fregatidae (frigate-birds). They are generally colonial nesters and haw four- 
toed webbed feet, bodies adapted for diving (some from heights of 6a feet), 
amd long beaks with wide gapes for catching and swadlowing struggling! prey. 
Pelicans (Pelecanus) have buccad pouches for storage. Darters (Anhinga) first 
spear the fish, then toss, catch, and swallow, Elopteryx, which probably comes 
into this group, occurred in the Upper Cretaceous and may be one of the 
earliest known neognathous birds. The Tertiauy Odontopteryx had a saw-edged 
beak. 

Order Ciconiiformes 

This long-legged and correspondingly long-billed group is composed of the 
following: Ardeidae (herons, egrets, and bitterns), Cochleauiidae (boat-billed 
herons), Scopidae (hammer-heads), Ciconiidae (storks, openbills. Jabiru), 
Threskiomithidae (ibises, spoonbills, etc.), Phcenicopteridae (flamingoes). 
The last-named alone have retained webbed feet, amd have the middle toe 
relatively short. The egrets seasonally develop filaunentous nuptial plumes 
which are maurketed, generally illegadly, ais ‘osprey plumes’. (Ospre3« are 
fish-hawks.) All the above birds feed principadly in marshes and mudflats, 
amd this is probably responsible for the relative abundance of fossils from the 
Eocene onwaurds. 

Order Anseriformes 

The swans, geese, amd ducks are strong fliers and almost cosmopolitan: 
Anhimidae (screamers, etc.), Anatidae (all others). They may be vegetarian, 
mollusc- or fish-eaters, or filter-feeders with, in ai^tion, special tactile organs 
on the beak. The feet are webbed, evoi in the tree-dtu^. They are not 
unconunon from the Eocene onwards. 

Order Faeconiformes 

The diurnal birds-of-prey are grouped ais fellows: Cathartidse (American 
vulture, condors), Sagittaxiidae (Secretaty4:^)^ Acc^Eittridaa ^^ntiers, kites, 
eagles, Old World vultures, and ospr^), Fatoandit (fataw* 
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These powerful fliers have sp«ad almost everywimre esreept Antarctica., Ihi^ 
are notable for tiie spread of their sharp daws for catdihig and holi&iig pmy, 
and their hooked beaks for cutting and tearing. They generally eat livivg 
vertebrates, including fish (ospreys and sea-eagles), but some eat 
and a few weak-billed forms devour insects. The Wedge-tailed P-agl** (Uro- 
atus audax) of Australia, idiich has in Tasmania a wing-span of from 6 to zo 
feet (about 7 to 10 lb. wdl§^t), has been known to attack a seven-year-old gul 
when hungry after escape from captivity. An eagle of even greater size is 
PUhecophaga, the Morimy-eating l^le of the Philippines. Two of the sea- 
eagles {Haliatus pelagieus and H. aUndUa) may be eveif bigger. 

The order is represented from the Eocene. The Pleistocene condor Tera- 
tornis incredibilis was the biggest flying-bird yet known and may have had a 
wing-span of 16 feet. 

Order Gaixiformes 

This heterogeneous group of game-birds is almost cosmopolitan. It in- 
cludes the Megapodidae (incubator-birds, brush-' turkeys’, etc.), Cracidae 
(curassows, etc.), Tetraonidae (grouse, ptarmigan), Phasianidae (partridges, 
quail, true pheasants), Numididae (guinea-fowl), Meleagrididae (true turkeys), 
and the extraordinary sub-order Opisthocomi containing the single genus 
Opisthocomus (hoatzins) (Fig. 427). Notable for their palatability, massive 
scratching feet and ^ort, powerful flight, galliform birds awe laigdy gramini- 
vorous, but eat quantities of insects. They aure essentially terrestrial. The 
palate is different from that of raft-breatsted types (p. 606), and most modem 
groups as well, suggesting an ancient departure on an independent line. Pre- 
Eocene fossils, however, remain rmknown. 

Opisthocomus of South America is .especiailly notalSe in that the nestling 
has, on the first two digits of the wing, daws used in clambering among brandies. 
This chauacter, however, is admost certainly of independent devdopment, amd 
not an inheritance from archaeomithian (p. 599) ancestry. 

Order Gruiformes 

Ihis is a polymotiduc aissembly induding the Tuiniddae (bustauzl-quails), 
Pedimiomidae (cdlar^ hanipodes), Gruidae (cranes, Brdga), Paophiidae 
(trumpeters), RalUdae (rails, gallinules and coots), Hdiomithes (sun-grebes), 
Rhynodietidae (ka^pis), Earypigidae (sun bitterns), Otidae (bustards), and the 
CariamkUe (cariamas). 

Exdttdi^ pdar xegicms, the ordo: is almost universal. Many (ag, rails) 
are ladeiaUy oomqHESsed reed-dwdlos. The bu^ards have left the wado- and 
cdonised grass 4 Bnd and savannah. The wder dates horn the Eocene, and 
pethaps im^ldas tim Soarih Amdican Ihormhaddae and allies whidi, piol^ 
>^ted Ip tibe cariamasi woe oommon in tiie IGoopoe. These hmg-lpgged. 
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heavy-beaked, flightless birds stood nearly 6 feet high (e.g. Phororhacm). 
They were carnivorous ground-nesters, and their temporary success was possibly 
related to the current absence of placental carnivores in South America, 

Order Diatrymiformes 

These (DiatrymicUe, Gastomithidae) were large, flightless European and 
North American forms which were common in the early Eocene and probably 



Fic. 435. — Sub-class Newnttlni, Super-order HeognstlUB, Order DiateyniiioraiMt Family 
DiatiymidflOe Diairffwna, D. steini was a North American Eocene cursorial form about 7 feet high 
which was nevertheless a ‘modern* bird of an order perhaps allied to the Gruiformes (cranes, 
bitterns, bustards, etc.) (Redrawn after Matthew and Grainger.) 

rdated to the caiiamas (see above). They had massive beaks, heads, and 
necks and, among them, Diatryma reached a height of about 7 feet (Fig. 425). 

Order Charadruformes 

This universally distributed (excepting the ice-caps) polymorphic group 
contains the Jacanidse (lotus-birds. Fig. 429, p. 624), Rostratulidae (painted 
snipe), Hsematopodidae (oyster-catchers), Charadriidae (lapwings, plovers), Scolo- 
paddae (woodcock, sandpipers, etc.), Recurvirostridae (s^ts, avocets), Phalaro- 
podidae (phalaropes), Dtomadidae (crab-plovers), Burhinidae (^lide-knees), 
Qareohdae (coursers, pratincoles), Thinocoridae (seed-snipe). Quonididae 
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(sheattHl»lls}t iteromaiiicUe (skuas, jaqgers), Laridas (gtdb, tens), Shya- 
chopidas (s dcunme ra), and Al c tdae (auks, puffins). The above siMM>e-dwdl&^ 
groups, as well as their aquatic and sea-going derivatives, have beccnne highly 
successful. Among the most interesting are the jacanas, whtdi have developed 
slender, and miormously ekmgated, fore- and l^d-toes adapted to. progres- 
sion over aquatic lily-leaves (p. 624). In Pkalaropus the female is the 
more brilliant of the pair and also assumes at least some of the typically 
male pattmm of behaviour, including territory selection. The male, rni the 
other hand, incubates. Waders (Charadriidse) occur in Tertiary deposits, 
gulls and auks in the Eocene. 

Order Columbiformes 

The pigeons and doves are universal, excluding polar r^ons. The order 
is often held to include the aberrant sand-grouse as follows: Pterodidids 
(sand-grouse), Raphidae (extinct dodos, etc., p. 577), Columbidae (all others). 
The last-named family are mostly graminivorous or frugivorous amd produce 
pigeon's milk' (p. 583). The crested Goura cristata of New Guinea and adjac- 
ent isles may stand nearly 2 feet high. Pre-Miocene fossils are rare. The sand- 
grouse are ground-nesters which lack the characteristic raised hallux of the 
galliformes (p. 615), which they greatly resemble in several ways. 

Order Psittaciformes 
(Single Family Psittacidae) 

The parrots and cockatoos are common only in the tropics and sub-tropics, 
and reach their greatest number and diversification in the Australasian region. 
They have powerful hooked beaks (Fig. 436, p. 632) adapted to husking food 
and tearing dead timber in search of wood-boring insects, although many 
forms eat nectar or are almost entirely frugivorous. They possess a character- 
istic zygodactyhus foot in which the ist and 4th digits are backwardly directed, 
allowing for a pair of toes on each side of the branch. Their powers of mimicry, 
their longevity (p. 560) and vivid coloration are well known. They do not 
seem to mimk other spedes in the field, as do many passerines. The vivid 
coloration is obliterative amongst foliage, making them surprisingly diffictdt to 
see. At least <me parrot {GeopsiUacta) has become nocturnal. They occur 
in Miocene deposits. 

Order CuctnjFORMES 

The cudmos (Cuculidae). plantain-eaters, and turacos (Muso[^bagidae), 
possess a iooi not unlike that of the parrots, ^me species of 

cuckoos (e.g. CeHtropus) build their own nests. The eggs oi parasitic spedes 
often ma^ ^ h<^ with ranarkalde fidelity. The Cuccdidse 

widid^ distilbiite^ thxovi^g^ioat tiopical and s»b-tro^cal regions and are 

'voi.«." flO 
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common in temperate zones. Musophagidae occur in Africa and may not be 
truly referable to this group. Cuckoos have been found in Oligocene deposits 
but fossils are rare. 

Order Strigiformes 

The almost universally distributed owls occupy the ecological niche vacated 
at dusk by the diurnal birds-of-prey, with which they show notable convergence 
in beak and claw. They are the Tytonidae (barn-owls) and Strigidae (all others). 
In texture, as well as in its 'loose' arrangement, the plumage is adapted to a 
relatively soundless approach, and the retina contains principally tods (p. 140), 
The eyes of owls are directed forwards (as are those of the nocturnal hunter 
Podargus, (p. 621)) and have become so largfe^ to be almost imm<|vable; 
the animal must rotate its neck to look sideways. It is believed that some 
owls hunt largely by sound. Prey {e.g. a rodent) is as a rule swallowed whole, 
much of the food residue being regurgitated as casts or pellets with t|ie fur 
surrounding the sharp, broken bones. Owls occur in Oligocene and , later 
deposits. 

Order Caprimulgiformes 

The nightjars and allies are nocturnal insectivorous birds arranged as 
follows: Steatomithes (oil-birds), Podargidae (frog-mouths), Nyctibiidae 
(potoos), iEgothelidae (owlet nightjars), and Caprimulgidae (‘night-hawks', 
‘goat-suckers’). These birds possess wide gapes, and ‘loose’ soft feathers 
recalling the plumage of owls (p. 643). They have prominent, probably 
sensory, bristles around the gape, and are protectively camouflaged and difficult 
to see when at rest. They are best developed in the tropics and sub-tropics 
but are not uncommon in temperate zones (e.g. Caprimulgus, Podargus). 
Fossils have been rarely found, but occur in Pliocene deposits. 

Order Apodiformes (Micropodiformes) 

The swifts and humming-birds — ^Apodidse (swifts), Hemiprocnidae (crested 
swifts), and Trochilidae (humming-birds) — are a homogeneous group. The 
swifts, however, have diverged sharply into fast-flying, wide-mouthed, large- 
eyed migratory insect-catchers, whilst the humming-birds have become gener- 
ally tiny, protrusible-tongued, darting and hovering, relatively ‘stationary’, 
nectar (and insect) feeders. Swifts are almost uhTversal (excluding polar 
regions), whereas humming-birds are confined to the central zone of 
the Americas. Many swifts, and particularly the edible-nest swiftlets (Co/- 
locedia), use a certain amount of saliva from sub-lingual glands (Fig. 442, p. 637) 
as nest cement. Swifts are known from the OUgocene. 

Order Coluformes 

Tlie small distinct monogeneric group of mouse-birds or (CoBid*) 
con&ied to Africa. Insectivorous and fm^ymous, th!^ cre^ tfaroi^ the 
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branches of trees uang their beaks, as weU as pecdiar feet on tfdiidi tiie hallux 
can be brought inward. Some species of C(Mus have bodies little bigger than 
sparrows, but tails are as long as xo inches. Fossfls are tmknown. 

Order Trogoniformes 

These fell into the single widespread family Trogonidse of the tropical 
Americas, Africa, Asia (including the East Indies), and the Philippines. They 
range in size between that of thrush and crow, and have bristled gapes and 
invariably loose, beautiful plumage. Th^ are known from the Miocene. 

Order Coraciiformes 

This is a widespread, colourful, and perhaps polyphyletic group as follows: 
Alcedinidse (kingfishers), Todidae (todies of the West Indies), Momotidse 
(motmots of Central America), Meropidse (bee-eaters), Leptosomatidae (kiromlxis 
or ToUeTs), CcxadidaB (rollers), Upupidae hoopoes), Phceniculidae 

(wood hoopoes), and Bucerotidae (homing). The order is known from the 
Miocene. 

Order Piciformes 

The woodpeckers and their allies, absent only from Australasia and polar 
regions, are as follows: Galbulidae (jacamars), Bucconidae (puff-birds), Capit- 
onidae ^arbets), Indicatoridae (honey-guides). Piddae (woodpeckers, wrynecks), 
Ramphastidae (toucans). All have zygodactylous feet with the second and 
third digits directed forwards, amd the first auid fourth backwards. The honey- 
guides are especially noteworthy. The faunily is a predominantly African 
(south of the Sahara) group, although two of the ix spedes are Asiatic. Certain 
species exhibit noisy excitement and appeau' purposefully to l»d honey- 
badgers {Mdlivofci capensis) amd Man to bees’ nests. When the nest is broached 
the bird eats fragments of discarded comb. Friedmann describes the peculiar 
‘guiding’ behaviour of Iitdicator indicator as a ‘form of exdtement reaction . . . 
when meeting with a potential foratging s3nnbiont . . . that the bird associates 
with the amt of opening bees’ nests’. This meeting usually takes place near 
a bees’.nest but ordinarily the bird does not in fact ‘lead’ in a direct route but 
noisily performs, often very circuitously, from tree to tree. It is not nee^sary 
for the bird to know in advance where the bees have built; the exdtement 
fades, however, when a nest is readied. ‘Then the bird sits quietly until it 
receives a meal of wax. These birds are the only vertdjr^es known to be 
capable of nouridiment from bees wax. Two micro-organisms o 

high Upolytk aetivity>~a Micrococcus and a strain of the yeast Candtaa 

oibicans — occur in the birds* fesces. • i_ ^ t nt 

Several spedes of honey-guides resemble cuckoos in laying m the nests <a 
other 
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Order passertformes 

This — by far the largest avian order — is divided into four sub-orders: 
Eurylsemi (containing the single family Eurykemidae — ^broadbills of Indo- 
Malaya and Africa) ; Tyranni (a predominantly American assemblage including 
the tyrant-flycatchers (Tyrannidse) and their allies, as well as the New Zealand 
'wrens' (Xenicidae)) ; Menurae (the Australian Ij^birds (Menuridae) and scrub- 
birds (Atrichomithidae)) ; and Passeres or Oscin^ (all the remaining, and more 
familiar, song-birds). The more primitive sub-orders Eurylaemi and Tyranni 
were formerly brigaded as the Mesomyodi, and the Menurae (also known as the 
Sub-oscines, Pseudoscines, Subclamatores, amd* abnormal song-birds) were 
grouped with the Passeres (the normal song-birds or Oscines) as the Acromyodi. 

'i^e sub-order Passeres (Oscines), numbering about 4,000 normal songbirds, 
indudes the more familiar passerines such as (for example) laurks (Alauuidae), 
swallows (Hirundinidae), bulbuls (Pycnonotidae), 'flycatchers’ (Musdeapidae), 
dippers (Cindidae), shrikes (Laniidae), true tree-creepers (Certhiidae), tits (Pari- 
dae), honey-eaters (Meliphagidae), silver-eyes (Zosteropidae), finches (Fringillidae), 
weaver-finches, induding sparrows (Ploceidae), starlings (Stumidae), crows 
(Corvidae), birds-of-paradise (Paradiseidae), amd bower-birds (Ptilonorhynchidas). 

There is some evidence that passerines occurred ais long aigo as the Eocene, 
but few fossil types have been found in deposits eau'lier than late Tertiary. 
Although the Oscines are unquestionably a relativdy modem, and still 
expanding group, it is well to remember that their small, hragile bodies (and the 
habits of many) render them less likely to be fossilised. 

Information in great detail concerning many Oscines and their complicated 
behaviour-patterns is available in numerous ri^onal and other publications. 

GENERAL ORGANIZATION OP THE NEORNITHES 
External eharaeters. — In the general build of the body the Neomithes differ 
from the Archaeomithes chiefly in the shorter and stouter truiflc, and in the point 
of articulation of the hind-limbs being thrown fmrward,so as to be almost directly 
below the centre of gravity of the body. The animal is thus enabled udthout 
efiort to support itself on the legs alone. Birds are-essentially bipedal. The 
only exception appears to be the young of the Hoatan {O^sthocomus) (p. 615), 
which uses its wings in climbing (Fig. 427). 

The neck is always well developed, and is often, as in the swan and flam- 
ingoes, of great proportional Imgth. The a»nial postium of the head is usually 
not large. The beak (Fig. 426) may attain a lemaxkahle mct and erdiibits a 
wide range of form. It may be extremdy short and udde for cattdung moths 
aM other flying insects, as in swifts and nighti«ni; ^Msvtaad ccffioeal lor eating 
seed, as m finches; strongly hooked for tearing the bodies dl ammals, as in 
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Fig. 426.-- llaoiilftflia: Bogklll rad anodsted WCiaHtaBoDi, Not to scale, x. Beak serra- 
tions of the Australian Tooth-billed Catbird {ScenopesUs denUirostris) used for sawing through the 
petioles of leaves gathered for the daily decoration of its display-ground. 2. Fish-holding 
denticulations of the European Goosander {Mergus merganser), 3. Terminal hook and bead^- 
pouch of the North American White Pelican {Pelecanus erythrorhynchus). The compressed homy 
beak adornment is seasonally developed and falb of! without trace after reproduction. 4. Tube- 
nosed armagement (in Wandering Albatross, Diomedea exvlans) characteristic of ocean-going 
Procellariiformes (petrels and all^trosses). 5. Hooked beak of Egyptian vulture {Ttigoniceps 
occipitalis) used for tearing dead desh. The head and neck, often buried in suppurating material, 
are alm^ bare. 6. Marginal hooks and leaflets which, with a spiny tongue, form a filter-feeding 
mechanism In the world Greater Flamingo {Phcmicopterus aniiguorum), 7. OWqttety 
crewed mandibles of the passerme Pabearctic Crossbill {Loxia carvtrosfra). A sproial articulation 
and musculatureenablesaswiftpowerfulmovement that rips open fir-cones, after which the tongue 
scoops out the exposed seed. 8, The Fbcific passerine Neodrepams caruscans, iHustrating con^ 
vergence of beak fqnn with that of a fiower from which it Imshes nectar and perhaps helps 
lertiiise. 9. Btuhqgpera Gtera Woodpecker (Cecinus vmiis), which excavates wirii its beak, and 
men probes fcvHpiniuri^ with its protmsibie tongue (see also Fig. 440). xo. The G^a^os 
woodpecker-fisich ^tkmuirkymiuspmlidus) trenches with its beak rad probes with a cactus s]^e; 
It IS one of the lew avish ^tool-nisikers {see abo Fig. 383, p. 562). xx. Brood gape in Australian 
.^a^^y F!fogmoirUi {Podaxgm sMgaidis), a nocturnal insectivorous mcies. The eyes are pro^ 
^tadtae Iwjbtfei li^ are mrected forwards (iw A tuft of ndarively filamentous, 

and probably timtileiiMfamsi^ (After various ratiiofs.) 
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birds of prey, or for rending fruits of various kinds, as in parrots ; long, conical, 
and of great strength, as in storks ; slender and elongated, as in ibises and cur- 
lews ; broad and flattened for feeding in mud, as in ducks and geese ; expanded 
at the end, as in spoonbills ; immensely enlarged, as in hombills and toucans. 
It is most commonly bent downwards at the tip, but may be straight or curved 
upwards, as in the Avocet, or bent to one side, as in the New Zealand Wiy- 
billed Plover. Among ducks and geese the beak has often a lateral straining 
device for the retention of food and the discharge of water. Mergansers have 
sharp homy tooth-like lateral projections with which to hold struggling fish. 
Tropical snake-birds {Anhinga) have stiletto-like^ beaks with which they spear 
fish, toss them up, and then swallow them head-first. The Tooth-bill 4 d Cat- 



Fig. 427.— NeoniBiM: Otowed 
wings. A, Nestling Opisthocomns 
(with two clawed digits) ; B, 
Adult Apteryx (kiwi), ^th from 
inner (ventral) aspect. ch» i. 
first cubital remex; dg^ i, dg. 2, 
dg. 3, digits; pr, ptgm, prepatag- 
ium; pt, ptgm, postpatagium. 
(A, after Pycraft; B, after T. J. 
Parker.) 


bird [Scenopoetes) has a serrated beak with which it saws through petioles in 
order to free green leaves for use on its display-ground. 

The buccal arrangements of the flamingos (Phcenicopteri) deserve special 
mention: there has been developed a complicated filter-feeding mechanism, 
analogous to that of baleen whales, which enables them to subsist on organisms 
li^dng in under-water mud. This apparatus varies in complexity am<mg the 
six species (of three genera). The Lesser Flamingo {Ehcenicopterus minor) has 
a filter sufficiently fine to permit the dredgii^ of blue-gie^ algae and diatoms. 
The Greater Flamingo (P. antiquorum) (Fig. 426), on the other hand, eats 
chironomid larvae and seeds; the two spedes can co-exist without direct com- 
petition. The filter-feeding apparatus involves both ${nny ttmgue atad lateral 
lamellae that vary from species to spedes. Other vntebrate filtor-feeders are 
ammocoete larvae (p. 196), certain fishes, and the larvae of the toad 

The beak is sometimes, as in the toucans, bnlliantly coloured, and there may 
also be bright coloration of the cere, as in the maca.ws> and of naked spaces on 
the head, as in the cassowaries. In the latter the head is produced into a great 
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homy prommence or casque, supported by an elevation of the roof of the iJhiH 
The c«e is frequMitly abs«it. The nostrils axe placed at the base of the beak, 
except in Aptayx, in which they are at the tip. 



Fig. 428. — Wsognsfliai; Vsdal ^•cUUMtiOPI, Not to scale, i. Connorant (PMUterocmax), 
adapted to swimming and defence. 2. Grebe (Podtca of African swamM), with laterally lobed 
toes adapted to diving, swimming and defence. 3. Jungle fowl [GaUus of India), running, scratch* 
ing and spurred for aggressicm and defence. 4. Megapode {Megapodius of New Guinea), heavy* 
limbed for incubator-building, as well as food-gathering, running and defence. 5. Hawk {Acdfi* * 
grasping prey (note rough raised pads) and holding it while bein^ tom with beak; also perching 
and defence. 6. Ptarmigan {Le^opus of Greenland tundras), running and defence, and feathered 
in relation to thermo-regulation. 7. Weaver (QxteUa of African savannah), with * typical * passerine 
foot adapted to perching, hopping and sometimes defence. In this and a few other genera the 
feet are used am to weave nesting material. S. a,b. Sand-grouse (SynkapUs of Central Asian 
stepM), mnning, defence and thermo-regulation. 9. Swift (ifptis). Pamprodactyle loot adapted 
for clinging to perpendicular surfaces. (For the unwebbed 'wader* foot see Fig. 445, p. 64X, and 
for that of the lily*tfotters. Fig, 429.} (Redrawn after Thompson, Grassd, FrMmann,) 


The essentid structute of the wing — ^>art from its fmthers — v»y uni- 
^onn. As a rule all ttuee digits are devoid of claws, as in i^eons. but the 
ostriches have olaws cm idl three digits. The rl^as have clav^ on tbe first and 
sometimes on the second and Unxd; and ihe oassowaxies. Emu. and Idwis 
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(Fig. 608) on the second digit. The Crested Screamer {Ouiuita) and two other 
species (and, as a rare abnormality, the Common Fo^ and Goose) have them 
on the first digit. With these exceptions, and that of the young of the Hoatzin 
(Fig 427) the hand of the hatched bird has lost all the characters of the fore- 



Fia. 429.— Jaosnito: AdsptstioatotlielilymillaM. The jacaaas (lotU 8 .birds, lily .trot^. <r 
■Christ-Wtds') aw oiten imagined to 'walk on the water’, «e m fact 
life on floating leaves. The negligible body-weight is distnbn^ by dcn^fated 
grossly hypertrophied hind^laws. The eggs are Uid in a «^w on leayee or 
and are stone-coloured and bear a disruptive pattern of hiwoglyphic makings. The «a^ 
Jrediparra gallinacea (above) is yellow, Uke the centres of ^ surrounding 
extreme specudisafion of jacanas has resulted in a curiously dueonttnuotfs ‘^**^'’*^*^****-4^ ® 

living fonns (see also Fig. 424 , p. 61 2) . Restricted to lUy lagoons aa 4 lakcsidcs in ’ 

Uiree species inhabit Africa and Madagascar, one (of several races) the AmefK»8, and twree 
Australasia, of which only one (above) reaches tiio Australian continent. (From photogr j . 
and B. M. (N. H.) specimens.) 


foot. Besides the true daws, homy spws are sometimes prescot on the carpo- 
metacarpus (plovers, etc.). A recently extinguished pigeon, the^ Solitaire 
(p* 557). had a knob-like protuberance 'the size of a mu^et-ball' which is sai 

to have made a rattling noise during the ’^ng-whkiii^^fi^p^ay. 

There is almost every gradatkm in the pw^portioiMd length of the hi*i»' 
limb, from birds in which nothing but the foot projects beswjod 
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feathers (aad evm the toes may be feathered), to the stoths and 

cranes, in ndiich the distal part of the tibio-tarsos is covered ■wiih scales as 
wdl as the foot (Fig. 438). In aquatic forms a mh is stretched betwem the 
toes. This smnetimes indudes all four digits, as in cormorants. Scunetimes 
it leaves the hallux free. Again, it may form a separate 
fringe or lobe to each digit, as in coots and grebes. As 
to the toes themselves, the commonest arrangement is 
for the hallux to be directed backwards, and Nos. 2, 3, 
and 4 forwards. Perhaps the most remarkable feet with 
this arrangement are those of the jacanas or parras 
(Jacanidae), a widespread tropical and sub-tropical family 
of Charadriiformes (p. 616). In these all four unwebbed 
toes are grotesqudy elongated and dawed, resulting in 
a distribution of weight that enables the 'Lotus-bird' to 
walk on the floating leaves of water-lilies (Fig. 429). 

Various spedes are known as Lily-trotters, or Christ- 
birds — ^because they apparently walk on the water. In 
owls No. 4 is reversible, t.«. can be turned in either 
direction. In the parrots, wood-peckers, etc., it, as well 
as the hallux, is permanently turned backwards in the 
zygodactylous condition. In swifts, on the other hand, 
all four toes tmrn forwards. The hallux is frequently 
vestigial or absent, and in the Ostrich No. 4 has also 
disappeared, produdng the characteristic two-toed foot 
of that bird. 

In some groups {e.g. nightjars, owls, and various 
aquatic or semi-aquatic birds such as bitterns, cormo- 
rants, garmets, and various waders) one claw on each 
foot of certain species may be pectinated, ix. it has taken 

on a more or less comb-like structure. This varies ^ comb-Uke toilet claw 

has arisen by conver- 

greatly in complexity, perhaps reaching its highest ex- gence in several unreiat^ 

pression in bitterns (Fig. 430). Such feather-dealing ^Tbo^ 4 f.' Se 

structures present an interesting analogy with the digital also pp. 739, 846 for 
... ... , analogous structures in 

toilet implements of mammals. 

Toilet-daws m birds are extremely erratic in their 
distribution. Thus, the Bam Owl {Tyto <dba) possesses them, whereas many 
other owls do not. Anumg waders they are lacking in the Bar-tailed godwit 
{Limosa lapp€mea)t yet pcesmt in the congm^c Black-tailed spedes (L. 
litnosa). 

It is prc^abie tihait the possesdon of deansing comb-daws is tooadly rdated 
to diet: thfey apfiear to have arisoa most often in spedes that feedcn mucus- 
covered oc . C«taiidy» at the Bittern {Batanrm 
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sUttaris) powder from the powder-down patches (see below) appears to reduce 
the viscosity of adherent mucus and thus make it more easily disposable by the 
toilet claws. It has been suggested, but not proved, that in moth-eating ni^t- 
jars such specialised claws are used to clear moth scales from the hair-like 
tactile processes surrounding the gape. 

Pterylosis.— With the exception of the penguins, most birds (excluding 
flightless ‘ratites’ (p. 606)) have the feathers arranged in distinct feather-tracts 
or pteryUe, separated by apteria or featherless spaces. These are commonly 
much more distinct than in the pigeon (Fi^. 386), and their form and arrange- 
ment are of importance in classification. In the^ flightless birds apteria are 
usually found only in the young, the adult having' a uniform covering of festers. 
Sudi birds also have nothing more than the merest trace of booklets <m the 
barbules, so that the barbs do not interlock and the vanes of the feathe^ are 
downy or hair-like. In penguins (p. 6x0) the wing-feathers are degenerate.! In 
nearly all neognathine birds except passerines (p. 620) there is an absent of 
the fifth secondary wing-quill ; the condition of diastataxy or aquintocubitalism. 
The distribution of this phenomenon is erratic. 

Many birds are naked when hatched, but in most cases the body is more or 
less completely covered by temporary fathers, the nestling-down. These are 
of various forms, but always have a short axis, soft loose barbs devoid of inter- 
locking apparatus, and, except in the Emu, no after-shaft (Fig. 431). They 
are succeeded, as already described, by the permanerd feathers. 

Many birds, such as the swans, possess down-feathers or plumida throughout 
life, interspersed among and hidden by the contour feathers or pennee. Semi- 
plumes are down with a well-developed axis. FUoplumes have an elongated 
axis and vestigial vexillum. A singularly specialised type of feather is the 
powder-down, well-developed in tracts or powder-down patches in herons, 
parrots and cockatoos, birds-of-prey, pigeons, and especially frog-mouths 
{Podargus). This down gives off a powder not unlike talc in its imperme- 
ability to water. The powder is not formed by the breakdown of a part of the 
fully developed feather, as has been sometimes claimed, but is a derivative of 
the innermost walls of the Malpighian layer of the feather papilla. 

In many birds there springs from the under-sid^of the quill, near the 
superior umbilicus, a second vane, the after-shaft (Fig. 431), usually smaller 
than the main shaft, but sometimes of equal size. Both among flying and 
flightless birds there are genera with double-shafted feathers as weU as allied 
forms in which the after-shaft is rudimentary or absent. Feath^ are alwa3« 
riled or moulted at regular intervals, as a rule annually after the breeding season, 
though some species have a second lesser moult later on. During moirit the 
old feathers drop out and new ones are formed foom the same pulps. 

Feathers may be anointed in some species with grea^ secretioQ ffrom the 
eoceygeal, uropygfal, oil- or preen-gland, a bffobulair structure on the ^tors*^ 
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of the body above the base of the tail (p. 566). The fonctian the 
secretion is unknown. It has been variously suggested that it may waterproof 


the feathers, produce a specific recognition scent, and that 
it elaborates ergosterol. which, when exposed on the 
feathers, is transformed by sunlight to Vitamin D. It is 
assumed that the vitamin would be ingested during preen- 
ing. Grass 4 suggests that birds which are addicted to ex- 
cessive feather-eating may be suffering from Vitamin-D 
deficiency. 

The colours of feathers present great variety. Black, 
brown, red. orange, yellow, and occasionally green are due 
to the presence of definite pigments. t.e. are absorption 
colours. The turacos possess the red copper-containing 
pigment turacin which is soluble in dilute alkali but not, as 
is often claimed, in ordinary rain-water! In this colourful 
group the green pigment turacoverdin also occurs. In avian 
plumage, white, and in some cases yellow, is produced by 
the total reflection of light from the spongy air-containing 
substance of the feather, there being, as in nearly all other 
natural objects, no such thing as a white pigment. Blue, 
violet, and in some cases green are produced by the light 
from a brown pigment becoming broken up as it passes 
through the superficial layer of the feathers in its passage 
to the eye. No blue or violet pigments occur in feathers, 
and green pigments are rare. The beautiful metallic tints 
of many birds are structural colours. In such feathers the 
colour changes according to the relative position of the bird 
and of the eye of the observer with regard to the source of 
light. The American flamingo {Phamicopterus ruber) gets 
its pink and vermilion integumentary (skin, beak and 
feathers) colours from dietary carotenoids. The colours 
gradually fade in captivity unless the diet is carefully 



regulated. There is some evidence that Crustacea are an ^o. 
important source of carotenoids in nature. Fox has evi- cassowaries 

dence that the metabolic fractionation of dietary carote- ^ 

noids seems to involve oxidative processes but that some primary ri»ft. The 
astaxanthin may pt^s unchanged from crustacean to the 

aviaa ateguBKnt. . ST (53S”«iS; 

There Is also infinite variety in the ccfiour pattern of ]ey.) 

In many fihe odkmring is concealing, harmonising 
^th the mvironment. In the ptarmigan {Le^opus tmdus) tire c(d(Mir changes 
^th tltti moidt; from greyish-lnown in sununw to white in winter, the former 
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plumage helping to conceal the bird anxmg herbage, the latter on snow. Fre- 
quently, as in pheasants and birds-of-paradise, the female akme is protectively 
coloured, while the male presents the most varied and brilliant tints, esdianoed 
by crests, plumes or tufts of feathers, lappets of skin, etc. (Fig. 381). The 
factors influencing sexual dimorphism differ from group to group and are some- 
times c om pi^^v Comb-growth in the Domestic Fowl in both code and hoi is 
under the control of androgens from testis and ovary. The comb is »nalier in 
ovariectomised females than in those left intact. Thyroxin (p. 151), as well 
as sex hormones, is influential in feather development and pattern. When the 
hong of certain breeds of fowl are unsexed the n^ growth of plumage i^male- 
type, whereas that of the castrated cock is unchanged; the ^flerence k con- 
trolled by oestrogen. There is evidence that in some species the female 
plumage is neutral, whereas the male colour is controlled by pituitary, nd sex. 
hormones. In the Herring Gull {Lams argentatm) the cock-type plumf^e is 
under the influence of androgens. The plumage condition of some species 
{e.g. House Sparrow, Passer domesticus) appears to be under genetic control, 
in that in neither sex does castration cause change, nor does the administration 
of sex hormones. Parenthetically it may be mentioned that the colour of the 
beak and various soft parts also can be under either genetic or endocrine con- 
trol. Witschi says that the change of bill colour from Uack to yellow in 
the Common Starling {Sturtius vulgaris) is a most delicate indicator for andro- 
gens: it 'heralds the start of the breeding season at a time when testicular 
changes are barely observable under the microscope and the deferent ducts 
still remain in the eclipse condition’. The colour reaction occurs about two 
weeks earlier in the males than the females. 

Sexual dimorphism is common in mon(^;amous as well as ptdygamous 
species. In conjunction with specific postures and calls, colours and erectile 
plumes become sign stimuli which evoke or release specific reactions, and indeed 
whole patterns of behaviour in rivals and mates. Such ornaments as the bars 
and spots on the wings and tail, fully exposed only during flight in mmiy gre- 
garious birds, and often widely different in closely allied species, are probably 
recognition marks which enable stragglers to distinguish between a flock of 
their own and other species. _ 

Endoskeleton. — ^The vast majority of birds have saddle-diaped or hetero- 
coelous cervical and thoracic vertebrae, but ppsthoco^ms thoracic vartebrx 
occur in the Impennae (poiguins), Laridae (gulls), scone Chaiadriifocmes {e.g. 
stone-curlews and godwits), and some Pdecanilonnes («-g. uo r m or a nts and 
darters). In the Ichthyomithes alone they were biconcave. 

The spaces between adjacent centra are tevessed by anaeidscsis sritii a sus- 
penrory ligament, as in pigeons (p. 573), The numhar of verh^ne is very 
variable, especially in the cervical reg^<m, where k rises to 'titeriy!>flve m swans 
and is.reduced to nine in s(nne song-birds. There is very coniiBOilfyflWSte or less 
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fusion of the thoraxnc vertebne, and the fonnation of a t^d synsacnua by the 
concrescence of the posterior thoracic, lumbar, sacral, and anterior 
vertebrsB is universal. The posterior cervical and antoior thoracic vertebne 
comnKudy bear strong kypapophyses or inferior pnx^sses for the origin of the 
great flexor musdes of the neck. The number of true sacral vertebne varies 
from one to five. A pygostyle, formed by the fusion of varying numbers <rf 
caudal vertebise, is of general occurrence, but is small and insignificant or 
absent in certain 'ratites’ (excluding, for example, the Ostrich). 



Fig. 432. — ^Keomitliw: Stemnm sod peotoral utkmlatioo. Keel (carinate) and raft (ratite) 
types. A, GaUm (common Fowl, young) ; B, Turdus (Thrush) ; C, Vuliur (Vulture) ; D, Pro* 
cellaria (I^el); E, Casnarius (Cassowary), ant, lot, pr, anterior lateral process; oar, carina; 
c/. clavicle; cpr, conacotd; fan, iontanelle; fttr. furcula; M, lor, pr. oblique lateral process; os. 
paired ossification of sternum in E ; os. t, carinal ossification in A ; os. 2, os. 3, lateral ossifications; 
post. med. pr. posterior median process ; post. lot. pr. posterior lateral process ; pr. cor. pro-coracoid ; 
scp. scapula; sp. i^ina sterid. (-4 and E, after W. K, Parker; B, C, and D, after Bronn.) 

The ribs are always double-headed. The stomal ribs are ossified, not mdely 
calcified, and are united with the vertebral ribs by sjmovial ioints. Osrified 
undni are neazfy always present, and usually becenne ankylosed to the verteted 

ribs. 

The stmmm ntf nnost flying birds is a broad plate, concave dorsally from side 
to side, and psuditoed venteally into an antero-postoior keel vhicli is ossified 
from a disrinct casatfe (F%8. 43a, A, os, 1). The posterior edge of the bone is 
either entire prteoite cm eadi side erf the keel cme ra- two mrae en less 

deep noteh^ 4 A^ In tlra flig^htless genoa (E) tibe is 
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either absent 
ossification it 
of the stemui 
lat.pr.). In 

pencardium. 

It was upon the duuactewof 'Ratito- 

was founded, but the diffensnec betwem them «Ml tin heeMiimsted taiiaate ■ 
in this respect is not absolute, the rahte oondttim heviQg' been acquiied bs 
many 'C^rinatas’ which have lost the power of flight. Thehedis veiysnudlm 
the flightless rails, GaUtrattus, Noiorms, and tin extinct Apiomis from New 
Zealand. It is practically absent in the Dodo (Duhn) end Sditaire (P« 




Fig. 433. — ApUsryxs Skull. Specimen from young kiwi in lateral view in which the cartilagin- 
ous parts are dotted. Al, Sph, alisphenoid; Anfi, angular; Cn, i, cn, 2, condyle of quadrate; 
Dent, dentary; d. pr., d. pr, descending'processes of nasal and frontal; Ec. Eth, ecto-ethmoid; Ex. 
col. extra-columella; Ex. Oc. exoccipital; Ft. frontal; Ju. jugal; Lac. lachrymal; lac. for. lachry- 
mal foramen; Na. nasal; na. ap. nasal aperture; Nv. II, III, IV, optic foramen, transmitting 
also the 3rd and 4th nerves; Nv. V\ foramen for orbito-nasal nerve; Nv. VI I*, for facial; Pa. 
parietal; Pal. palatine; pa. oc. pr. par-occipital process; P. mx. premaxilla; Pr. ot. pro-otic; 
Qu.Ju. quadratojugal; Qu. (orb. ^.) orbital process of quadrate; 5 . Orb. F. supraorbital foramen; 
Sq. squamosal. (After T. J. Parker.) 

phaps), two gigantic extinct pigeons from Mauritius and Rodriguez. It is like- 
wise nearly absent in the Kakapo or Ground-parrot {Strigops) of New Zealand ; 
in the extinct Giant Goose (Cnemiomis) from the same country ; and in Hes- 
peromis. The absence of the caiina must be considered as an adaptive modi- 
fication of no phylogenetic significance. 

The entire super-order of penguins (Impennse) and the extinct Great Auk 
are also flightless, but their wings, inst^ul of being functionless, are modified 
into powerful swimming paddles (Fig. 422). There has tberefinu, in these 
cases, been no reduction either of the pectoral muscles or of the catina. 

The sMl of birds is generally remarkaUe iot ite huge ortuts sqiarated by a 
thin intermbital septum, and for the comparativdy snudl size of the etiuuoid 
bcme and its turbinals. Astriki]:^'excepti<misafi(»dedbythe fciwis(if^f 09 '^)' 
ia wMdi the orbits (Fig. 433) are small, while the otfeetory chambms (^- Sth.) 
exIiBOd badcwards between the eyes. The curbits am tiietelom.sqpammd fh^ 






I Ml I . int^Car 
SOa 

Fig. 434. — ApUaryxs Skull. Speci- 
men from juvenile kiwi, Apteryx mantelH 
(palatal aspect). The cartilaginous parts 
are dotted. B, Oc. basi-occipital ; B. 
ptg. pr, basi-pterygoid process; B, Tmp, 
basi -temporal; Ec, Eih. ecto-ethmoid ; 
Eus. T. Eustachian tube; Ex, Col, extra- 
columella; O^. ex-occipital; Ini. Car, 
carotid foramen; Afx. maxilla; Nv, VIJ\ 
foramen for facial; Nv. JX, X, for glosso- 
pharyngeal and vagus; Nv, XII, for 
hypoglossal; Oc, Cn. occipital condyle; 
Oc. For. foramen magnum; Pal. pala- 
tine; pa. oc, pr. par-occipital process; P. 
inx. premamlla; Ptg. pterygoid; Qu. 
(orb. pr.) orbital process of quadrate; Qu. 
(of. pr.) otic process; Rost, rostrum; 5. 
Oc. supra-occipital; 5. Orb. F. supra* 
orbital foramen; Sq. squamosal; Vo. 
vomer. (Aifter T. J. %rker.) 


Fig. 435. — Aims: Skull. Duck, 
skull from palatal aspect, a. p. f. an- 
terior palatine foramen ; b. o. basi- 
occipital; b. pg. basi-pterygoid 
process; b, s. basi-sphenoid; 6. t. 
basi-temporal; e, 0 , ex-occipital; 
eu. aperture of Eustachian tube; 
/. m. foramen magnum; t. c. in- 
ternal carotid foramen; j. jupral; 
mx. maxilla; mx. p. maxiUo- 
palatine process; oc. c. occipital 
condyle; pi. palatine; p. n. post- 
erior nares; px. premaxUla; q. 
quadrate; qj, quadratojugal; v. 
vomer; IX, X, foramen for ninth 
and tenth nerves; XII, for twelfth 
nerve. (After Wiedersheim.) 


one another by the whole width of the olfactcwry organ (see p. 641). The same 
thing occurs, to a 1^ degree, in moas. In its essential features the skull is re- 
markably unilfnm the class. The rounded form of Hht brain-case, 

more or less concealed externally by ridges for tibe attachmeitt of musdes; ^e 
^Pporbddk; GompKkmd maMy of great tri^raidiate the dngle, small 
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rounded occipital condyle; the slender maxillo-jugal arch; the large para- 
sphenoidal rostrum ; the freely articulated quadrate, with its otic, orbital, and 
articular processes ; the absence of the reptilian post-froatals ; and tire early 
ankylosis of the bones — all these characters are universal among birds. There 
are, however, numerous differences in detail, some of which, connected with the 
bones of the palate, are of importance in classification. 

In the large flightless forms and the tinamus there are large basipterygoid 
processes (Fig. 434, B. pig. pr.) springing, as in lizards, from the basisphenoid. 
and articulating with the pterygoids near their posterior ends. The vomer 
(Vo.) is large and broad, and is usually connect^ jxrsteriorly with the palatines 
(Pal.), which do not articulate with the rostrum. The maxiUo-palati|ie pro- 
cesses are comparatively Ismail, 
and do not unite with one another 
or with the prevOmer. ( This 
arrangement of the bones of the 
palate is sometimes called dromao- 
gitathous. In many birds, e.g. the 
pigeon and the fowl, the basi- 
pterygoid processes are either ab- 
sent or spring from the base of 
the rostrum. The vomer is small 
and pointed, or may be absent, 
and the palatines articulate pos- 
teriorly with the rostnim. The 
maxillo-palatines do not unite with 
one another. These peculiarities 
characterise the schizognathous 
arrangement. In passerines a similar arrangement obtains, but the prevomer 
is broad and truncated instead of pointed in front. TTiis gives the eegitho- 
gnathous arrangement. Lastly, in the storks, birds of prey, ducks, and geese, 
etc., the maxillo-palatines (Fig. 435, mx. p.) fuse with one another in the middle 
line, often giving rise to a flat, spongy palate and producing the desmognatlms 
arrangement. 

The most remarkably specialised form of ^uU is Ibund in the parrots (Fig. 
436). In many birds the nasals and the ascending process of the premaxill* 
are very thin and elastic where they join tiie skull, and th^ce fit an unossified 
space in the mesethmoid, so that the upper beak is capa ble of a -ccmsiderable 
amount of movement in the vertical {dane. Thus there' occurs a tiw cranio* 
facial joint or hinge between the upper beak and tlM idcnlL This gives the 
bird a ‘sliding palate’. This medianism is best dev^pe4: tl^ parrots, 
allowing the cunous upper beak movement that is so sticking living bird- 
Wh«i the mandible is depressed, the contraction of 



Fig. 436.— Pnttaeite: Beak aod iknll 
articulation. In parrots (e.g. Ara, Macaw, 
above) the hinge between beak and skull enables 
mastication movements of a unique character. 
(From a photograph by A. Hamilton.) 
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a forwaid iiiov«niait of die lower end of the quadrate, which pushes lorwuds 
the maxSio-jugal bar and the palatines and pterygoids, the latter diding vqpon 
the rostrum. B<rth the m ax ill ae and the palatines are articulated in front with 
the premaxi&a, and together push it upwards. In this way depression of the 
lower produces an automatic raising of the upper jaw. The great size and 
strength of both premaxilla and mandible are remarkable, as also is the fact 
that the orbit is completely surrounded by bone, a backward process of the 
lachrymal beiiig joined beneath it by a forward process of the frontal. 

The numiihle contains in the young bird the six bones on each side charac- 
teristic of reptiles. The coronoid is, however, often absent. As a rule the 
head of the quadrate articulates with the roof of 
the tympanic cavity by a single facet in the lai^e 
flig htless birds, by a double facet in the rest. 

The hyoid always agrees in essoitial respects with 
that of the pigeon. In woodpeckers the posterior 
cornua are curved round the head and attached 
to the skull in the neighbourhood of the right 
nostril, allowing the extreme protrusion of a long 
and flexible tongue (Fig. 441, p. 636). 

The structure of the shoulder-girdle (Fig. 437) 
furnishes one oi the most distinctive characters 
between ratite and non-ratite forms but, as with 
the sternum, the differences are adaptive and not 
of phylogenetic significance. In most of the latter 
both coracoid and scapula are large and united 
with one another by ligament. The coracoid has 
an acrocoracoid and the scapula an acromion pro- 
cess. The coraco-scapular angle is acute. A 
furcula occurs. In the large flightless forms the 
coracoid (Fig. 4^, cor.) and scapula (sop.) are much reduced in proportional 
size and are ankylosed with one another. The acrocoracoid (acr. cor.) and 
acromion (acr.) processm are reduced or absent. The coraco-scapular a^le 
approadies two xi^t There is no furcula, although separate vestiges 

of clavicles ate present in the Emu and cassowaries. In Ihe almost fli^dess 
song-bird A/riehortus, Ate clavicles are reduced to mere splints and tte furcula 
has been lost altogeiber. At the same time, the absence of davides is i«»t 
always associated with reduced powers of flight, as, for example, in smne parrots. 
In some of die mots (Pa^yoruis, etc.) the dioulder-gjrdle is wholly absent. 
But, as in the case of die sternum, the distinction is not ^^«te. In 
Uesperomi$t tlie- DedOi' tiie Solitmie, AptonUs, Notorms, Gautrmus an 

Cn«mor»« tim baow of dm abouMer-^rdte are ptopor^^ ^ 

coraco..M*ia pidf > '■ ■.■mmeutda J90* imd in sowe cases, eudi as certam 

vot. a. 



F10.437.— ifplMycf Sbenliw 
gfaidto. (Left). A, anterior; B, 
Uteral (outer) surface. acr, 
acromion; acr. car. acrocora- 
coid; car. coracoid; gl. glenoid 
cavity; pr. car. Ig. procoracoid, 
reduced to a ligament; scp. 
scapula. (After T. J. Parker.) 
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panakeets and owls, the furcula is slight, or represented by paired vestiges, or 

In most adult birds the procoracoid is reduced to a process <mi the dorsal end 

of the coracoid, but in the Ostrich and in the 
embryo of Apteryx it is well developed and 
separated by a fenestra frcmi the coracoid, A 
small bone, the accessory scaptda, is sometimes 
found on the outer side of the shoulder-joint. 

The variations in the structure of the wing are 
mostly matters of, {proportion, but a remarkable 
flattening of all the ^nes is very characteristic of 
penguins, which are further distinguished tW the 
presence of a sesamoid bone (p. 74), the piatdla 
tdnaris, in place of the olecranon process. In the 
Emu and kiwis the first and third digits of the 
normal wing have disappeared during develop- 
ment, the middle one alone remaining. In the 
moas (Fig. 431) no trace of a wing has been found, 
and in one species only is there even a trace of 
the glenoid cavity. In the embryos of several 
birds an additional digit has been found on the 
ulnar or postaxial side (Fig. 438, dg. 4). This 
brings the total number of digits up to four, the fifth of the pentadactyle 
hand alone being unrepresented. 

The simplest type of pelvic girdle is found in Apteryx (Fig. 439) and the 



Fic. 438. — Vaoraitbai: Em- 
teyooie fonlimb. Tem (Sterna) 
showing pentadactyle hand in 
which the fifth digit does not 
develop, dg, i — 4, digits; hu, 
humerus; ta, radius; ul, ulna. 
(After Leighton.) 



Fig. 439*— itptorifap; P^rio 
giidle. (Left.) a. acetabulum; 
il, ilium; «s. ischium; p. 
pectineal process; p^. pubis. 
(From Wiedersheim, after 
Marsh.) 


tinamous, in M^ich both pubis and ischium aiu free akm^ thmt whole length* 
as in dinosaurs. In the Emu and cassowaries the pubis a n d ischiims unite by 
caitdage or bone at their posterim: end with the ihunia In moat birds the 
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union between the two last is extensive. The deep ischiatic notch is xepkoed 
by a small foranxen. In the embryonic condition the ilium has a very 
small pre-acetabular portion. The pulns and ischium are nearly vmrticail. 
There is a distinct pectineal process {pp) (retained in Apteryx (Fig. 430. ^)) 
and the whole pubis is singularly like that of a dinosaur. In the Ostrich alone 
the pubes unite in the middle ventral line to form a symphysis. Rhea presents 
the unique peculiarity of a dorsal symphysis of the ischia, just below the 
vertebral column. In the Emu the posterior end of the pubis gives off a slender 
process, which extends forwards dose to the 
ventral edge of that bone and probably re- 
presents the epipubis of reptiles. 

In the sacral region of the larger running 
birds there occurs a spinal enlargement reminis- 
cent, in very minor degree, of the remarkable 
condition found in certain dinosaurs (Fig. 342, 

P. 511). 

The bones of the hind-limb are very uniform 
throughout the dass, but the form of the tarso- 
metatarsus of penguins is worthy of notice. It 
is short and wide. Its three constituent meta- 
tarsals, though fused, are dearly distinguishable 
throughout their whole length, and the resem- 
blance to the homologous part in Iguanodon is 
very striking. In the embryo (Fig. 440) a vestige 
of the fifth digit (mt. tsl. 5) has been found in the 
form of a small rod of cartilage on the postaxial 

or fibular side. One or two free centralia may pet. Embryo, in doMaiasj^. 

, . . dtsl. dutale: Fe. femur: Ftb. 

occur m the mesotarsal joint. fibula; fib. fibuiare; t— 5, 

Except in certain diving birds {e.g. the puffins) bwtasr^**** ’ 

the skeleton is always more or less pneumatic 

(Eig. 387). Often all the bones contain air except those of the fore-arm, hand, 
shank, and foot. In Apteryx, penguins, and some song-birds the skull alone is 
pneumatic. In the hombUls every bone in the body appears to ccmtain air. As 
the passerine bird matures, an erosive process occurs, converting the cranium 
into a two-layered vacuolated structure in which innumerable little columns 
of osseous ti^ue separate a S3^tem of air-spaces. This pneumatidty of 
the skull is |m>bably an adaptation towards keeping the head li^t and the 
centre of gravity well back during walking, swimming, and flying. The 
fragility of their skulls occasions great mortality from cerebral haemorrhage 
among cage birds. Although there is no direct relationship between imeu- 
matidty and flying power in spedflc groups, the typically avian bone structure 
undoubtedly g^ieatly mduces weif^t without undue loss of strength.. The 




diied skeleton oi i m «iaa^ 

about four ounces although the wing-^ «>/ 

The bones, in fact, we^h less than tbej^ammage (JfapM feet 

present in the more primitive birds, and have mdnan i.-. ! toetb 

W the fact ttat the Cretaceous' *7" ^ 

ooLJ >«*»1 *eea. to bo^; ” 5?™^ 





carintot./ .. after LeilSr.) 

as in Dili! ® 8*«at<*eal^ variathi^* n* pwmts wflld^t the 

brush ^’v ™ parrots bni^lih* *• simple 

as in hununing-bhds. ^ 

Thetree-woodp;Ww 
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lingual glandii iBMulbQliK the Oriental, Isdonesiaji; and I'swriSe gsttoa 
CoUocaUa (lOaefiodkN become seasonally faypertrofiijed ^ig. 44a) hud 
produce a cqwwis aecn^km of saliva that is used as nest-cement by the 
swiftlets, and as tile basis for Wrd’s-nest soup by the Chinese. Eun^iean 
{Micropus), African (e.g. CoUetoptcra), and probably many othw species <rf 
swifts also use sahva as nest-cement. The Palm-swift {Cypsiurus) of A&ica is 
said also to glue its eggs to the nest with saliva. As a result, the palm leaves 
on which the nests are built can blow into any position without loss of eggs 
(Bannerman). 

In the alifneutcay caual the chief variations concern the size of the crop, 
caeca, gizzard, and the extent of the intestine. In tubinarine birds (petrels, 
etc.) the proventriculus is especially 
large, and the surface of the sec- 
retory epithdium is increased by 
longitudinal ridges. The cells of 
the proventricular ^ands contain a 
concentration of Upids such as occur 
only sparingly in corresponding 
situations in other birds. It is 
possible that this material is the 
precursor of the oily substance that 
frightened petrels ejaculate at in- 
truders. In grain-eating birds the 
gizzard has thick muscular walls 
and is lined by a thickened homy 
epithelium, as in paeons (p. 584). 

In flesh-eaters, su^ as hawks and 
owls, it is thin-walled and lined 
with epithdium of a more usual 
character. Nectar-eating birds possess rdatively simple stomachs with ex- 
tremdy thin wafls. In some bii^, the indigestible hard parts of the jarey are 
ejected from the throat. Owls swallow mice and small birds whole ancl eject 
the bones enclosed in a covering of fur and fmthers. Pisdvorous birds eject 
pellets of scales and bones and some insect-eatois likewise r^urgitate uidigest- 
ible chitinoos e^skdetal structures. 

In the Commtm Fowl and many other birds the caeca are of great length. 
A gali-Hadder is usually present. The i^peed of digestion of course, varies 
accordii^ to the dBet, bad in genwal digmtkm seous to be mmu rapid than in 
most animads. . Tn Spine ftug^brons specks the '‘iteshless'stohe of a brnyrnay 
be voided less t|^ 4 ^ecst<nnwate 8 after it is swallowed. Smdl canuvwons 
birds are said to (l^^est thdr pirey within a lew hours. Speedy digestion and 



Fig. 442. — CoUoealia: Neit-oenuiit pfodnotkm. 
The sublingua! salivary glands of Oriental and 
Pacific swiftlets (Collocaiia) become seasonally 
hypertrophied as shown by C. brevirostris (left) 
winch builds some weeks before C. francica (right). 
Both specimens were taken at the same cave on the 
same date. AtL Articular bone; Oes, cesopha- 

f as; 5. G. salivary gland; Tr. trachea. (Modi- 
ed after Marshall and Folley.) 
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absorption are essential in all animals of small volume, large surface, and high 
metabolic activity, and birds particularly fall into this cat^;(xy.> 

BM j ^rator y and Voeri {toga^— The rings of the trachea are always ossified. 
The respiratory tube is frequently deflected to one side by the crop, as in i%eons, 
and may undergo such an increase in length as to extend beneath the ^dn of 
the abdomen, or even into the keel of the sternum (Fig. 443). In the Whooper 
Swan (Cygnus) and certain cranes, the looped tradiea probably functions as a 
resonator. An aberrant resonating chamber is found in the North American 
Heath Hen {Tympanunchus cupido). The anterior end of the oesophagus is 
enlarged into a vocal sac which can be inflated^sidy by air that comes/up from 
the respiratory system through the pharynx. 



Fio. 443. — ChruBs ?ocal 
flpeeUdisatioill. The sternum 
in certain cranes (e.g. G. anti- 
gone) is excavated to accom- 
modate the convoluted trachea. 
A convergent resonating 
arrangement has been evolved 
in swans. (Redrawn after 
Portmann.) 


The syrinx is either tracheo-bronchial, as in the pigeon, i.e. formed by the 
distal end of the trachea and the proximal ends of the bronchi, or is exclusively 
tracheal (Fig. 444) or exclusively bronchial. In singing birds it is complex, 
provided with numerous muscles, and often more powerful in the male. In 
the mute Turkey Vulture (Cathartes aura) the syrinx is absent altogether. 

The lungs are always firmly fixed to the dorsal body«-wall by a pulmonary 
aponeurosis, and are only slightly distensible. The jgeneral arrangement of the 
air-sacs has been descril^d in the pigeon (p. 586). In Apteryx the abdominal 
air-sacs are small, and are completely ^closed by the oblique septum, and do 
not extend into the abdominal cavity among the viscera. The.bronchi send 
oS branches at right angles. 

^ Several Australian and no doubt other speclea eat with impunity fruits that kill naammals- 

of 

ey 

jre 
of 


misni DO expeccea uiax xney oetoxicate the potsonous pniictpie in tne aver, mix appwwiw/ 
^not If dogs or cats eat the bones of Bronae-wing Pigeons which have eaten the seeds 
tmrt-leaved poison (Gastrolobium bilobum), one of ^e Vmterh Anstiulien Lii^minosaj, to 
tne alter convuUaoiia and paraiysss. The ftesh of nlfleoiis is harniless to Mast and dog* 

aB'fMilite foods in i^Uvely unsttstedable areaa.*^ 
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The CSroulatray (Mguis agree in all essential respects with those of the 
pigeon. Their most characteristic features are the large size of the heart, the 
muscular right auriculo-ventricular valve, the atrophy of the left aortic arch, 
and the vestigial character of the renal portal system. The red blood-cdOs are 
always oval and nucleated. 

Nervous System and Organs of Special Sense.— The brain is also very uniform 
in structure, being characterised by its short, rounded hemispheres, large folded 
cerebellum produced forwards to meet the hemi- 
spheres, and laterally placed optic lobes. In the 
embryo the optic lobes have the normal dorsal 
position, and the whole brain resembles that of a 
reptile. In Apteryx (see below) in correlation with 
the reduction of the eyes, the optic lobes are very 
small, and are situated on the under side of the 
brain. Above the anterior commissure is a small 
bundle of fibres which is probably the homologue of 
the hippocampal commissure of mammals. 

A bird's eyes sometimes weigh more than its 
brain. A few relatively small hunting birds, such 
as certain hawks and owls, have larger eyes than 
Man. The avian eye contains no important struc- 
ture absent in the Reptilia (taken as a whole), but it 
has reached a grade of efficiency higher than that of 
any other group. This is, of course, related to the 
flying habit ; and it is a commonplace that, alone of 
the major groups, the Aves contains no member that 
has lost the power of sight. Both the muscles of the 

iris and the ciliary muscles (of Crampton and of anMsrous bulla 

Briicke), which procure accommodation by changing ypsiiotracheai, a. tracheo- 
the shape of the unusually soft lens, are striated, 
and therefore relatively fast in their operation. The 
shape of the eyeball (comparatively flat to ‘ tubular ’), 

and the cmresponding arrangement of the internal structures, are related to the 
habits of the species. For example, in raptores the unusually long axial dis- 
tance betwe^ lens and retina, and the broadening of the retinal area, probably 
allow a greater accuracy of vision in these diurnal hunters. The pit-like fovea, 
concem«l probably with the detection of movement, is <xften exaggerated in 
birds. The rctina of diurnal birds contain relatively few rods and a oom- 
parativdy vast number of cones with coloured oil-droplets, the difierential i»o- 
porti(ms of vdiidb help accentuate the af^uedation of various colours in the 
environment. There is no troth in the rqE)eated statement that diurnal Intds 
are blue-blind, hut it is ^obalde that many. them are rdatively msepsitiws 
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to blue light rays. Such rays probably make distant small prey omapuattvely 
hazy and difficult to distinguish. A kestrel can see the movement of a field- 
mouse from a height at which most animals could probably defect no thing 
In the eyes of most nocturnal birds cones are also present, but ro(b pre- 
dominate. There is also great variation in the number of cones from species 
to species. A sparrow possesses only about 400,000 per square milUmetre oi 
fovea, as against the 1,000.000 found in certain hawks, whidi have been 
claimed to possess a resolving power about eight times that of Man (Walls). 

The most inefficient avian eye appears to be that of the nocturnal kiwis of 
New Zealand. Most night-hunting birds have.qyes exceedingly well-adapted 
to take advantage of the small amount of light available to them, but the kiwis, 
on the other hand, have a powerfully developed olfactory sense (see belovw. In 
these, even though the orbit remains large, the eye has become reducdi and 
myopic. The eyes of kiwis are probably unique in lacking the pecten (Fig, 409, 
p. 594), although a vestige of this enigmatic oigan occurs in the embryo. 

The pecten, the homologue of which is first obvious in fishes, occurs promi- 
nently as a pleated projection of highly vascular pigmented tissue from the 
optic nerve ('blind spot’) into the vitreous humour. The blood vessels of 
which the pecten is largely composed are appreciably bigger than capillaries. 
The pecten is smallest in nocturnal birds and biggest in far-sighted diurnal 
hunters, in which it may extend from the retina almost to the lens. Although 
the pecten was observed in the i8th century, there is still no agreement con- 
cerning its function. Originally, and possibly still, it may have provided 
nourishment for the internal structures of the eye by the diffusion of blood 
solutes into the vitreous. Of the score or more other theories concerning its 
function, one of the most plausible is that it assists in movement-perception 
because, in strong illumination, the shadows of its pleats create numerous tem- 
porary blind-spots, and so increase the number of on and off photo-stimuli on 
the retina. Such may aid the detection, and continued observaticm of small, 
moving distant objects. It is a matto: of common experience that the rapid 
blinking of the human eye may aid the perception of dimly se«i objects by the 
production of discontinuous images. 

The visual field of birds differs in relation to theii-halnts and the position 
and shape of their eyes. Pigeons, CaUtts, and passerines with latoally idaced 
eyes (hunted birds) have a total vismd fidd of sometimes more than jood^ees, 
compared with a field of about too d^;rees in the predackms owls. - In general 
t^ avian eyeball has a rdativdy restricted movemcmt. Owls, which possess 
binocular vision, have increased the size <rf their eyts to an extent which makes 
it impossible for them to move in their sodtets. In cmnpestsatlEm th^re has 
be^ devdc^ped an extraordinary cervical mcibili^ which allows '^e bird to 
remits head to such a degree that it can look baclewante. liost 

heads when keeiang a moving d^ect under ^chanrvatiem: ililtoy shore- 
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birds {44. SQil^)» lidweva:. ^ve eyes placed in a nktlvdy posted^ position. 
This enables them to see bdund with little adjustment. A most peopliaT eye 
arrangonent adapted to . habit and 
habitat is found in die bitterns, which 
‘freeze’ among rushes when they ob- 
serve a predator. As the streaked 
throat is inclined upwards in line with 
the vertical rushes, the eyes focus 
downwards, enabling the motionless 
camouflaged bird to see anteriorly, and 
focus binocularly, below the tilted beak 
(Fig. 445 )- 

All birds possess a functional 
nictitating membrane. In many species 
it is transparent. It has been suggested 
that this membrane is drawn pro- 
tectively across the e3re during long 
flights, but there is as yet no evidence 
that such is the case. 

The olfactoty sense in most birds is 
notoriously poor, but Apteryx is dis- 
tinguished by the high development of 
the olfactoty chamber, which extends 
from the tip of the beak to the levd of 
the optic foramina. The turbinals are 
large and complex, and there is a vestige 
of the cartilage of Jacobson’s organ. 

Also, sea-going ProceUariiftnmes (pet- 
rels, albatrosses), vdiidi emit a charac- 
teristically strong and peculiar odour, 
possess remarkably developed olfactory 
organs. Kasai tubes opoi about mid- 
way al<mg the beak and lead into thus 
protected capacious, paired, olfactory 
chambos, whidh are separated on the 
mid-line by ah inaubs^tial septum. 

Extensive sordlUike tutinnals invest 
the olfactoty diaiabecs and are sup- 
plied by the oHactmy nerves (p. 130). 

The ol/actoiry areactrandy large. 



Fig. 445.— BoComth*; Adaatstisn to ths 
feed-Mbu The European Bittern (B. sieUaris) 
is disruptively patterned and 'freezes' on its 
nest when approached. The eyes are so situated 
that the bird can see under its elevated beak. 
This and the longitudinal ventral striping helps 
the sitting bittern to merge harmoniously with 
the peri^ndicular reeds. Noctnmal frog* 
mouths {Pcdargus) of the Indo« Australian 
region 'freeze* when approached in dayU^t and 
locdc like the ended a fractuiKd branch. |nsiich 
species the head hi moved almost impeicepWy 
so that the passing enemy can be in view. 
(From photographs.) 


There s some miifaooe fbnt tbme sea^scavaigers locate food p«rSy by 
scent. It is -pbstoble (but aot ]»oved) Uat valtares, also possessed of a 
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relatively complex olfactory apparatus, may do likewise. (For the function of 
the bilateral nasal glands see pp. 643-644.) 

Taste-buds occur in birds, but not to the extent ^own by the Mammalia. 
When present, they occur principally on the tongue or on the soft palate. It 
has been claimed t^t certain parrots are best equif^ped amongst birds. There 
is evidence that the contamination of food with relatively strong, and some- 
times unpleasant, substances (e.g, anise, asafoetida, aloes, and camphor) does not 
deter turkeys, and that fowls and gulls, too, have an inefficient sense of taste. 

The structure of the apparatus and audition and equUibraiion is very uni- 
form throughout the class. Both elements are highly organised. Theai^tory 
apparatus has outer, middle, and inner parts like those of mammals (m 144). 
A tympanic membrane separates the external meatus from the midd^ ear, 
which in turn communicates with the pharynx through the Eustachian ^itube, 
and with the iimer ear through oval and circular apertures (fenestfa), which 
ate covered by membranes. The fenestra ovalis is almost wholly occlud^ by 
the footplate of the coUtmeUa, a cartilaginous extension {extra-cohtmdla) of 
which carries tympanic vibrations to the perilymph of the inner ear. 

A cochlea (Fig. 410, p. 595) occurs as a relatively short, straight organ; 
although not 'snail-shaped', it is probably nonetheless homologous with the 
spiral-shaped mammalian structure. Cartilaginous shelves support the basilar 
membrane and divide the cochlea into two channels which communicate by 
means of an aperture near its apex, the helicotrema. One such channel is in 
communication with each fenestra. Agitation of the perilymph is reflected 
in movements of the basilar membrane, and its hair-like processes, which may 
be sound-receptors, the hair-cells being innervated by fibres from the cochlear 
ganglion. Contained in the basilar membrane are fibres which alter in length, 
and probably tension, and which as a whole may act as a frequency analyser. 

Ihe adjacent lagena contains additional hair-cells, the processes of which 
are sunk into a mucoid cupola, which is equipped wdth calcareous particles. 
(It is possible, but not unequivocally prov^, t^t the Tagenae' of f^hes and 
amphibians are homologous with each other and with that of reptiles, birds 
and monotremes.) It is surmised that in birds the lagena may respond to low, 
and the basilar membrane to high, firequency vibratimis. Pumphrey has 
made the interesting suggestion that, on published evidence of vocal mimicry, 
Australian bower-birds (F^;. 382, p. 562) seem to have an auditory spectrum 
'substantially wider than the pass-band of a broadcast receiver*. Birds vary 
a good deal in auditory power. The range of sounds audUde to sparrows 
(Passer) is 675-11,500 frequencies per secoiui, to the Canary (Serwttfs) 1,100- 
10,000, and to various parrots 40-14,000. These valu^ are inferior by 
cmnpaiison with those recorded in some tnammaia- Even Man has a range 
of 20-20,000, whilst in their peculiar spedaiisatkm certain bats (p< 75^) 
<dain^ to have an upper nmge limit of 98.000 cydes per aeomid., 
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The owls are of ei^xsial interest in that althouf^ th^ see vwy by 
starlight <and by day), they appear to hunt largely by ear, and possess a skin^ 
fold, hkkten by fea&ers, that helps to direct sound towaitb the meatus. Sonm 
species have, in a^ticm, a projecting feather formation, whidi |aobably hdps 
to c a n al i se sound in a manner analogous to the pinnae of mammals (see p. 765). 
The plumage of owls, incidentally, is soft and fluffy, and makes the least pos- 
sible warning sound during the approach to the prey. 

Fig. 446. lleoniiflies : TaotUe 
blistlai* Convergence in widely un- 
related groups. Not to scale. Above ; 

Nocturnal terrestrial forest-dwelling 
kiwi {Apteryx, Apterygiformes. p. 608). 

Below (left) : Cave-haunting Guircharo 
or Oil-bird {Steatomis caripensis, Cap- 
rimulgiformes, p. 6x 8) . (Right) . Dis- 
position of tactile bristles from ven- 
tral aspect. Steatarnis now known to 
possesses an echo-location apparatus 
analogous to that of insectivorous bats 
(see p. 765). Flying in darkness the 
birds emit a stream of the ‘sharpest 
imaginable clicks * (Griffin) . Only when 
their ears were plugged did the clicking 
birds collide with the walls of a dark- 
ened room. The bristles shown above 
are probably used while alighting in the 
dark cavern and in nocturnal fruit- 
gathering outside. (Redrawn after 
Grassd, Ingram.) 




Birds possess tactile organs. Light pressure on the plumage is appreciated, 
and it is probable that the bristly feathers near the mouth and eyes of many 
species are tactile in function. (Fig. 446.) * Mud-feeders' {e,g. ducks and geese) 
have a considerable concentration of tactile corpuscles in the bill-tips, which 
apparently aid in the discrimination of food. There is evidence, too, that it is 
hy means oiventral tactile organs that the sitting female becomes aware that her 
clutch is complete. Broodiness and inhibition of ovulation follow. 

Exerettoiiu^Bmls retain a uricotdic excretory mechanism in the manner 
reptile (p, 548), Glbmertili are reduced in size and vascularity. 

birds driidc sea-water, and by what means they maintain 
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an appropriate salt balance, have been matters of discas^oa ipr many years. 
Until recently it was thought that the function of the iMOataid nasM glands 
(which are relatively large in sea-birds) is to protect the nasal ^thelium against 
sea-water. Schmidt-Neilsen and assodates. however, have infonnatioaisuggest- 
ing that the glands are concerned with the extra-renal excretion of sodium 
chloride. They showed that cormorants {Pheiacrocorax) excrete a high con- 
centration of sodium chloride from these glands and confirmatory evidence has 
been obtained by work on penguins {Sphmiscus) and other species. An adult 
penguin was not fed for 21 hours and was then given 5 gni. sodium chloride in 
56 gm. of fish, the normal daily feed being about gm. Within ten miimtes, 

drops of clear fluid appeared at the beak-tip. This liquid was of high salicon- 
tent; and two-thirds of the experimental dose was eliminated through the 
nostrils within four hours. Concurrent examination of doacal matter il^g- 
gested that 'the quantitative role of the kidney in sodium chloride exci^ition 
in this particular experiment was thus perhaps one-tenth of that of the salt- 
glands.’ 

It is dear that, in some species at least, the nasal gland is a far more eifident 
salt-excreting organ than the kidney. Even among plankton feeders it pro- 
bably allows a net gain in drinking water. The liquid excreted in the beak is 
flung off with a characteristic head-shake that is a common sight to many who 
know sea-birds and which, in fact, has been described in ornithological litma.ture 
without realisation of its significance (Matthewrs). 

Reproduction. — In general, the avian urino-genital system resembles that 
described in the pigeon (p. 596), the most characteristic feature being the more 
or less complete atrophy of the right ovary and oviduct. In hawks, however, 
both ovaries are sometimes functional. 

There is experimental evidence that in the Domestic Fowl spermatozoa must 
undergo some extra-gonadal maturation or other process. Spermatozoa taken 
experimentally from within the testes will not fertilise ova. Those taken from 
the epididymides will sometimes do so, whereas those from seminal vesides 
are highly effective. In some species {e.g. many passerii^) the sperm-filled 
seminal vesides descend seasonally into cloacal protuberances, the interior of 
which are cooler than the body cavity. In birds (injyhich spermatogenesis 
occurs in abdominal organs of high temperature) spermatozoa can remain 
viable in the female tract for periods longer than that of most (but not all) 
mammals. Thus, a whole dutch of 20 or 30 eggs of the Domestic Turitey (laid 
at about daily intervals) can be fertilised as a result of a sing^ Mpulation. la 
the Domestic Fowl eggs can be fertilised up to 20 days after inseiphiatirm. but 
with less assurance after about the first wedc. 

The ‘ratites’, Ansoiformes, and some other J^jge species ppSSew, f penis in 
the form of a thickening of the ventral wall of the groove on 

the dorsal surface serving as a sperm-channel, and ^ %i«ysgbiat^^ 



PHYLUM CHORDATA 


645 


in posititm of 1^, by ah elastic ligament. In the Ostridi there is a solid 
penis, not unlike tiiat of Chelonia and crocodiles : it can be retracted into a 
pouch of the doaca. In the above groups a ditoris occurs in the female. 

The rudimentary state of the right ovary in almost all spedes allows sex 
reversal from female to male to occur much more frequently than in most 
vertebrate animals. The traditional English couplet : "A whistting maid, and 
a crowit^ hen, are fit for neither God nor Men * has its counterpart in the French, 
German, and other languages. When the single functional ovary is oblit^ted 
by disease (or experimentally), the rudimentary tissue of the other often develops 
as an ovotestis, or even as a testis, and under the action of gonadotrophins 
(p. 150) pours its male secretions into the blood-stream, with characteristic 
results. It is daimed that occasionally hens have changed sex completely and 
fertilised other hens. Frcnn pre-Christian times, men have regarded a hen’s 
assumption of male plumage,^ and of an ability to crow, tread, and fight as a 
portent of disaster. The French said : 

A hen that crows, 

A priest that dances, 

A woman who speaks Latin, 

Never come to a beautiful end. 

It would seem that after a hen assumes some male characters it may 
occasionally still lay a malformed egg. Ovarian function, it is thought, is not 
altogether inhibited, and on its way down the shrunken oviduct the so-called 
‘ cock’s egg ’ gets twisted and attenuated, so that the chalaza (Fig. 447) comes to 
assume roughly the form of a serpent. Such an egg has in the past often caused 
most awesome forebodings. An egg laid by a cock was alleged to hatch into a 
basilisk, regulus, or cockatrice, a creature mentioned in the Bible. A cocka- 
trice was alleged to kill at a glance ; its fiery breath scorched all vegetation. 
It was part hen, part serpent, and the monarch of all the snakes and the dragons. 
It inspired in aU a terrible dread. The cock alone was unaffected, and indeed 
in turn inspired the codcatrice to terror. Therefore, prudent medieval tra- 
vellers often took a cock with them. In Basel, as late as the 15th century, a 
cock was solemnly tried for witchcraft after la3ring an egg. The defence ad- 
mitted tire offoice. but pointed out that the laying of the egg was unpremedi- 
tated and invfllimtary and, in fact, violated no law. But the prosecution 
asserted th at the cock had been entered by the devil. They secured a con- 
viction : and ^ ooc^aad its ef^ were solemnly and legally burnt at the stake. 
Fost-mort i^^ti dmwed that it contained no fewer than three more 

iwlaid code’s The par tial change from male to female probably occurs 
no more frequehtiy ^.hizds than in othor groups 
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Development. — ^The process of development in birds has been most 
thoroughly worked out in the Domestic Fowl, but enough is known of the 
embryology of other birds to show that the diiferraces are comparativdly 
unimportant. 



Fig. 447. — GgUub: Stmcture of egg. Semi-diagrammatic view of the egg of the Domestic 
Fowl at the time of laying, a. air-space; alb. dense layer of albumen; alb*, more fluid albumen ; 
bl. blastoderm; ch. chaJaza; sh. shell; sh. nt. shell-membrane; $h. m. t, sh. m. 2, its two layers 
separated to enclose air-cavity; yk. yolk. (After A. M. Marshall, slightly altered.) 


Jkd 



Fig. 448. — Qailua: Devtiopment. Blastoderm. Diagrammatic, ar. area opaca; ar.pL 

area pellucida; hd, head; med, gr. medullary groove; mas. mesoderm, indicated by dotted 
and deeper shade; pr. am. pro-amnion; pr. st. primitive streak; pr. v. somites. (From A. M. 
Marshal, in part after Duval.) 

Briefly, it can be said that the owm is always large owing to the great 
quantity of food-yolk. The protoplasm forms a small germinal disk at the upper 
pole. Fertilisation is internal, and as the oosperm passes down the oviduct it 
is coated by successive secretions from the ov^ucal glands. It first receives a 
coat of thick, viscid albumen {Fig. 447, which, as the egg rotates during 
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its passage, becomes coiled at either end into a twisted cord, the {cA.)* 

Next, more fluid albumen (MV.) is deposited layer by layer, then a toughs 
parchment-like shdl-fnemhrane (sh. m.), and finally a calcareous shdl (sA). The 
shell-membrane is double, and at the broad end of the egg the two layers are 
separate and enclose an air-cavity (a.). The shell may be white or variously 
coloured by special pigments. It consists of three layers, and is traversed by 
vertical pore-canals. The calcareous material from which the shell is formed in 
at least some species (including pigeons), appears to be withdrawn from the 
substance of the bones. Thus females, but not males, form (possibly under the 





Fig. 44'9. — Oulium: DsvelopilliDt. Late Stages, a//, allantois; ant. cut edge of amnion; an, 
anus; an. ap. auditory aperture; au. s. audito^ sac; /. br. fore-brain; /. /. fore-limb; h. br. 
hind -brain; h, 1. hinddimb; hi. heart; hy. hyoid arch; m. br, mid -brain; mn. mandibular arch ; 
nostril; /. tail. (After Duval.) 


seasonal influence of oestrogen) endosteal medvUary bone which is later with- 
drawn and placed at the disposal of the shell-forming region of the reproductive 
tract. 

Segmentation takes place during the passage of the egg down the oviduct, 
and results, as in reptiles, in the formation of a blastoderm (Fig. 448) occupy- 
ing a Small area on the upper pole of the yolk. In the newly-laid egg the blasto- 
derm is divisible, as in reptiles, into two parts, a central, clear area pdlttciia 
(Fig, 448, jujd a peripheral area opaca (or. op.), and is usually two layers 

thick. The upper layer gives rise to the ectoderm and mesoderm, the lower 
layer is the devdopdng endodom. At first the endoderm is an irregular col- 
lection of cells, whidi is probably formed by a delamination from Uie 
layer ; it soon becomes a omtinuous ejnth^um. 

A grooved, Icmg^tudiml band, the primitive streak {pr, s/.), now forms in 
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the posterior three-quarters of the area pdludda. Throng the fwiteitive 
streak cells from the upper layer invaginate, and migrate lateraHy between 
the upper and lower layers to form the mesoderm. The |»imitive streak 
thus resembles the blastopore of amphibians, although no aix^aateroin Imms in 
birds. 

When invagination has ceased, the head process fmms by a forward migration 
of cells from the anterior tip of the primitive streak {primitive knot at Hensen*s 
node). At almost the same time, the primitive knot migrates al(mg the primi- 
tive streak toward the posterior aid of the area pellucida, laying down a trail 
of notochord as it goes. 

Immediately in front of tKe primitive streak the medullary groove {med. gr.) 
appears, and the medullary folds whidi bound it on the right and left diverge 
posteriorly, so as to embrace the anterior end Sf the primitive streak! in just 
the same way as they embrace the blastopore in Amphioxus. \ 

The blastoderm gradually extends peripherally so as to cover the yolk. 
Thereby it becomes divisible into an embryonic portum, from which the ^bryo 
is formed, and an extra-embryonic portion, which invests the 3rolk-sac and takes 
no direct share in the formation of the embryo. The extension of the ecto- 
derm and endoderm takes place r^[ularly and symmetrically. The extra- 
embryonic mesoderm, while extending equally in the lateral and posterior 
regions, grows forwards in the form of paired extensions. These afterwards 
unite, but for a time there is an area of the blastoderm in front of the head 
of the embryo, formed of ectoderm and endoderm only. This is called the 
proamnion {pr. am.). 

At an early period the mesoderm lying on either side of the medullary groove 
becomes segmented into somites (Fig. 448, B, pr. v.). The lateral plate, the 
extreme lateral part of the mesoderm, splits into somatic and splandiic layers 

with the coelom between (Fig. 

451. 5 ). 

Gradually the embryo becomes 
folded o& from the yolk-sac, as in 
other laige-3^rilked eggs ,* but, ow- 
ing apparently to the confined 
space in which it is emdosed, it 
soon turns ova: so as to lie with its 
left side against the yolk and its 
right sidehuxngtlmsihdl (Fig. 45 <’)' 
The body, (Fig. 449, A) becomes 
strcsigly floned so to bring the 
head and tail almost into contact, 
amd the, haul soon 40{|iures a pro- 

poctkmaHy iptne^ one, vrith 


^ 
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Bristimwhte I w t wse n 


.j? -n ' T ~ " < iii Mw MCHOMBas. a. air‘«pace; 

ea. aiiuitms; am. amnion; or. vase, area vaiculoia: 
ffsft. embryo: y*. yolk.nc. (After Duval.) 
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very 1 hc 8I0 pcojeeti^ ftyt*. M' first tbe Ixead is quite like UMlli of eoe of 
the tower vertd»ate ettfisyoi, wi& piotiil^erant fatain-swii^yiii^ (/I fir., wi. 
br., *• toi)* torge square mouth, veaizslly placed nostrils, canneded tqr 
grooves with ^he moutii, and three or four pairs ci gill-slits. As In 
reptiles, there is never any trace ci gills. In tire chick ernbiyo am well 
as in most other birds, an opercular fold grows backwards from the hycnd 
arch, and covers the second and third branchial clefts. Soon the margins 
of the mouth grow out into a beak (Fig. 449, B). The clefts dose, 
with the exception of the first, which gives rise to the tympano-eustachian pas- 
sage. The head becmnes characteristically avian. The limbs are at first 
alike in form and size {A,f. 1 ., h. 1 .), and the hands and feet have the diaracter 
of paws, the former with three,- the latter with four digits. Gradually the 
second digit of the hand outgrows the first and third, producing the diar- 
acteristic avian manus (B), while the metatarsal region elongates and gives rise 
to the equally dharactmistic foot. At the same time feather-papillse make 
their appearance, arranged in narrow and well-defined pteryke. 

At an early period capillaiies appear in the extra-embryonic blastoderm 
between the opaque and pdludd areas, and give rise to a well-defined area 
vascuhsa (Fig. 450, or. vase.). They are supplied by vitelline arteries from the 
dorsal aorta, and their blood is returned by viteUine veins whidi join the portal 
vein and take the blood, through the liver, to the heart. The vascular area 
gradually extends, until it practically covers the whole of the yolk-sac : its 
vessels take an important share in the absorption of the yolk by the embryo. 

Before the embryo has begun to be folded ofi from the yolk, the rudiment 
of one of the two characteristic embryonic membranes, the amnion, has appeared. 
A crescentic amnioiic fold arises (Fig. 451, A, am. /.), in front of the head-end 
of the embryo, fnnn the r^on of the pro-amnion. It consists at first of ecto- 
derm only, the mesoderm not havii^ yet spread into the pro-amnion. The 
fold is soon continued backwards al<mg the sides of the body (B) and round the 
tail (A). In these regions (am. f.), however, it consists from first of ecto- 
derm plus the somatic layer of mesoderm, *.s. it to a fold of what may be called 
the extra-embiyonic body-walL The cavity to a prolongation of the space 
between the somatic and splandinic layers of mesoderm, i.e. to an extension of 
the extra-embryonic coelom. 

The entire amniotic fold gradually closes dorsally (C), forming a double- 
walled dmne ovm* the embryo. Its inner wall, formed of ectodom internally 
and mesoderm externally, to the amnion (am.), the cavity of which becomes 
filled with a watery amniotic /wtd serving as u protec^vewatec cushim to the 
enclose! eitdiiyo aad tp prevent desiccation. The outer wall, formed of ecto- 

extemr^ aad rneaotom intersahy^ to the smms ntembrane (Wi la.) tx 
chorion. Thto eofore to he lust beneath the vitelline membntno which sub- 
sequently dta^jpeiai. 

VOt. H. , . . S« .. .. 



Fio. 431.— CtaOm; Bavatoimmt «l fiatal mmhmm A, «Bly rtiige 
the amnioii. eagittal sectkm; B, slightly later stage, traasvme eectiim: C, eapttei seci^ 
blowing stiige with completed amiuon and ccmnoeneing allantcHs; A itage m whicn w 
aWant o i ahai begun to envdbp the embryo a&dyoik*»iac. The actsoderm is gepfsiented ^ a 
the endoderm by a red hne; the metode^ is grey. all. aUantois; the simie gttwtog 
Ihe embryo and yolk-sac: eni. amnion; aiii. /.« am. /^ amhioitie aaemtot; fir. bfwn, 
OQBiome; <^aI^ extra^embryonic coelom; kt. heart; m$, sal. megentetm; art*- W®th; 
Wtochofd; Ip. ed, spinal cord; sr. <a. serous membnne; mmb, 4. nmbilioal ddct; . el* m. vitei 
maBabnne: yk, yolk-sac. 
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The second of the embrytmic membranes, the aUantois, is devdii^ped as an 
outpu^ung of the ventral wall of the mesenteron at its posterior end (C, «B.), 
and consists, therefore, of a layer of splanchnic mesoderm lined by mdodorn. 
It has at first the form of a small ovoid sac having the precise anatomical rda^ 
tions of the urinary bladder of Amphibia (Fig. 451, A, all.). It increases 
rapidly in size (Fig. 451, aU.), and makes its way backwards and to the 
right, into the extra-embryonic coelom, betwem the amnion and the serous 
membrane (Fig, 451, C, D). Arteries pass to it from the dorsal aorta. Its 
veins, joining with those from the yolk-sac, take the blood through the liver to 
the heart. Next, the distal end of the sac spreads itself out and extends all 
round the embryo and yolk-sac (Z), aU'.), fusing, as it does so, with the serous 
and vitelline membranes, and so coming to lie immediately beneath the shdU- 
membrane. It finally encloses the whole embryo and yolk-sac together with 
the remains of the albumen, which has by this time been largely absorbed. The 
allantois serves as the embryonic respiratory organ, gaseous exchange readily 
taking place through the porous shelL Its cavity is an embryonic urinary 
bladder, excretory products being discharged into it from the kidneys. 

Respiratory movements begin when the embryo pushes its beak into the 
air pocket that lies at one end of the egg. The shell is now punctured, usually 
by means of a little homy elevation, or caruncle, at the end of the beak. By 
this time the remainder of the yolk-sac has been drawn into the coelom and the 
ventral body-walls have closed round it. The aperture in the shell is enlarged. 
The young bird hatches and begins a free life. 


VOL. n. 
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OASS MAmiAUA 
mTBODWTiOl 

All piftm mals possess dermal milk-glands, and only mammals possess 
them. All mammals are at least partially hairy. A sini^e dentary, 
articulating with the squamosal, occurs on each side in the lower jaw. The 
skull has a double occipital condyle. The brain, and particularly the fore- 
brain, is rdatively large. The vertebrae are gastrocentrous (Fig. 452)1 Each 
vertebra consists of a centrum and a neural arch and, in addition, thif plate- 
like disks of bone— the epiphyses— at each end. On the cessation of ^owth 
these fuse with the body of the vertebra. The tympanic membrane hr ear- 
drum is supported by a tympanic bone and there are three minute auditory 
ossicles (malleus, incus, and stapes) in the middle ear. A muscular diaqrhragm 
completely separates the thorax from the abdominal cavity. Excluding the 
Monotremata (p. 688) all mammals are viviparous, i.e. they produce their 
young alive. Most of them develop a filtering placenta between the maternal 
and embryonic tissues in the uterus and employ special means, both anatomical 
and behavioural, for the protection and nourishment of the newly bom young. 
Like the birds, they are homoeothermous with a four-chambered heart separating 
completely the oxygenated and deoxygenated blood. Birds and mammals 
are characterised also by the retention of a single aortic ardi, in Mammalia 
the left one, in Aves the right. 

The manifold physiological and bdiavioural advantages conferred by thermo- 
regulatien and by ^e hyper-develqpment of the (as well as by the 

female^ capacity to produce and carry in her body perfectly suitaUe food for 
the unborn young) have enabled euthorian mammals (p. 704) successfully to 
colonise most of the earth induding some of its least hos{»tai^ parts. More 
than 8,^ extant ma mma l i a n species have been described. 

Although prodigious gaps occur in our present undostanding of nuunmalian 
evolution it is at least dear that they are derived frm the Synapnda (p. 5i3)« 
mammal-like reptiles of an andent stem which ai^>eated late in the Cvboni- 
fcrous (p. 3). The Synapsida prospered exceedingly in the Pennian, yet 
were, soi|msingly. semingly on the wane behae the great rq>tilka radiations 
came to fruition in the Mesozoic. The transition from pfimidiw r^^ 
ea^ mammal occurred between the Upper Caihoniieniiis and the end of the 
'lE^dasaic. By the Lower Tiiasdc there bad theriodoots 
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(e.g. CywojgivMtfAia) tl«t waft probidyly distinctly 

(p. 517 )- Cyiugtuffim possessed a weU^eveloped seoondaiy palate. * teatnre 
that is dbozacteristic d [^baof^ not peculiar to) sacking muniaala. (A 
palate occurs also te phytosanrst crocodiles and one <£B 08 aurian groiqp.)'" In 
some advanced therapskis laige infra-oibital foramina {yfkddi in 
carry a ridi nerve and blood suf^y to sotsoiy whiskers and moist mucosa) 

also occur. It must be emp ha s is ed, however, that these structures are no 
more than su§^estive. There is, of coui^, no absolute evidence thaf any of 
these animals were homoeotheimous, had a four-diambered heart, were hairy 
or milk-prodttdi^. It seems possible, in fact, that many extinct animals not 
possessing the cmventional squamosal-dentaiy articulation, and at present re- 
tained in the class Reptilia, might be called mammalian if their soft parts were 
available for study. In almost every fossil uncovered the bones alone are pre- 
served or petrified, and although evidence can be got from endocranial casts, and 
further stt^;estive information obtained from other studies, it is inevitable that 
conventional definitions should be based wholly on osteological considerations. 

After its successful radiation in the Permian the proto-mammalian stock 
suffered a set-lMmk, and from the Triassic until the late Cretaceous (p. 3) 
it survived only as relatively inconspicuous, small animals that are very rarely 
found as fossils. Five groups — Multituberculata, Triconodonta, Symmetro- 
donta, Dryolestoidea and Docodonta have been recognised. Pre-Pleistocene 
monotreme fossils are unknown, but certain of the reptile-like skeletal com- 
ponents, the e§^-laying habits, the imperfect thermoregulation and other 
primitive characters (p. 688) of the Monotremata suggest that they are survivors 
of some sudt early group. Spedfic cranial features argue that they are 
descended from triconodrmts (p. 687). 

No ^reement has been reached as to the classification that most adequately 
expresses the relationships of these early mammals. Those particularly 
interested in mammdian palaeontology should refer to works included in 
References (p. 909). It must be pointed out again that any phylogenetic 
arrangement ad^^ for animals of whose origins so little is known can only be 
provisionad. For exaanfde, it was believed for many years that the Multituber- 
culata were marsupials, but work done daring the first half of this century has 
tended to disprove this and multituberculates are now placed in a sub-dass of 
their own (see belDw). This arrangement indicates that they are mammals, but 
that they do not a^iear to be dosely related to any other mammadian group. 

The prindpal diviskms are as follows : ^ 

. ‘ Gregory (mm «. ste) Iwf p ropoeed a aew monotrenM/mamptaUan Sab-dan Mam^onta 

mvolving a genenf airpuiimtat as fdlowi : 

C^anMasunate , . 

SirbK a s n!lt ii «wi » t o n * > 

O fuj aw te . 

.JfeMoisaMta . 

Sub^lan IfanodshaUa (nsouitalia) 
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CI<A»5 HAMKAUA 

Sub-eUtts Prototlieria 
Orders Trieonodonta (Triassic-Cretaceous) 

^ Symmetrodonia (Triassic-Cretaceous) 

Honotranata (Pleistocene-Recent) 

Sub-elass Motbala 

Order Multitabareiilata (Jurassic-Eocene) 

Sub-elass Theria 

Infra-elass Pantotheila (Trltubercnlata) 

Ordws Dryolestoidea (Jurassic-Cretaceous) 

* Doeodonta (Jurassic) 

Infra-elan MetafhoAa ^ 

Order Marsuplalla (Cretaceous-Recent) 

Infra-elau Eutherla (Plaeentalia) 

EXAMPLE OP THE CLASS.— THE RABBIT (Oryetolagus euuimUtf') 

OrydLolagus cunictdus, along with other rabbits and the hares, bdongs to 
the family Leporidae of the Order Lagomorpha. They and the pikas of North' 
Ammca and Central Asia (Family Ochotonidae) were originadly plau:ed with the 
Rodentia but modem work haus shown that their many resemblamces thereto 
are adaptive and superficial (p. 774)* 

' External Characters. — ^The European Rabbit b a foiu'-footed or quadrupedal 
anim al. The whole Surface of its body b covered with soft fur. Below the 
anterior extremity of the head the mouth b a transverse slit bounded by soft 
lips. The upper lip is divided by a longitudinal cleft, miming backwards to the 
nostrib, and exposing the chisel-shaped incisor teeth. Behind the incisor teeth 
the hairy integument projects on each side into the cavity of the mouth. At 
the md of the snout, above the mouth, are two oblique slits, the nostrib. The 
large eyes, atuated at the sides of the head, have each three eydids, an upper 
and lower hairy lid, and an anterior hairless third eyelid or nictitating membrane, 
supported by a plate of cartilage. Tactile vibrissa — ^very long, stiff hairs — are 
scattered above and below the eyes and on the snout. Behind the eyes, and a 
little nearer the svunmit of the head, are a pair of very long flexible and movable 
external ears or pinna. These are somewhat spout-^aped, expanding dbtally, 
and are usually placed vertically with the concavity directed laterally and some- 

* Jnerrtat stdis, 

* Patterson removes the Doeodonta from the Theria, and ao limits the order Paafothws to 
include only the dryolestids. He considers Morganneodon to be a docodoat and pot a tricono- 
doot, and places the symmetrodonts among the Theria, in the Xnfm-olass Rantotheria. Kermaeic 
and Mussett have erected a Sub-class Eotheria. induing only die.'dbdodoats (nmnunais * 
dual jaw '^cnlation}. They ptaoe tiie symmetrodonts in the &lfra.daas Pantbtberia. 
•Rggestion is again made (see also np. 518, 688) that monotremes may have arisen indopendentiy. 
hkewise the tnconodonts, listed as an Order ineertae 'sedit. 
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^hatlorwaxds, lieadii%tdtlie«xte]mlaiiditoiyopeiikig. TtWMdlisa^K&iet 
constrictnm, and tiie ItimiA is distinguishable into thorax in front and s Mib l wwi 
I jfltiitid. On the ventral surface of the abd<»nenin tiie fanale are fournr free 
pflirs of teats. At its posterior end, bdow the root of the tail, is tiie sums. In 
front of this in the male is the penis, with a small tenninal urinogeniUat aporitm. 
The frries are endosed in promiiwnt scrotal sacs to right and Idt of the penis. 
In the female the genital opting is the vulva. In the space {perinanm) be> 
tween anus amd penis or vulva aure two baue, depressed aueats of skin into which 
open the ducts of the perinaal glands which secrete a product of strcmg and 
chaiacteristic odour (p. 847). The tail is short amd covered with a tuft of fur. 

The fore- amd hind-Un^, both of which tahe part in locomoticm and in 
supporting the weight of the animal, differ <»>nriderably in size. The fore- 
limbs au% much the riiorter. Both have the same general hvisions as in lizards. 
The upper arm is almost completely hidden by the skin, being applied closely 
against the side of the body. The manus is provided with five digits, each 
tenninating in a homy claw. The thigh is also almost hidden by the skin. 
The pes has four digits only, all provided with daws. 

Skeleton. — ^The spinal column of the Rabbit is divisible, like that of birds 
and lizards, into five regions — ^the cervical, thoracic, lumbar, sacral, and caudal. 
In the cervical region there are seven vertebrae, in the thoracic twelve (sometimes 
thirteen), in the lumbar seven (sometimes six) in the sacral four, and in the 
caudal al)out fifteen. 

The centra of the vertebrae in a young rabbit consist of three parts — a 
middle part which is the thickest, and two thin disks cd bcme. The t^hysK, 
anterior and posterior, axe applied respectively to the anterior and posterior 
faces of the middle part or centrum proper. Between successive centra in an 
unmacerated skeleton are plates of fibro-cartilag[e, the intervertebral disks. 

The transverse processes of all the cervical vertebrae, except the seventh or 
last, are perforated by a camad, the vertebrarterial canal, through which runs tiie 
vertebral aurtery. The first vertebra or atlas (Fig. 45 ®. resembles the corre- 
sponding vertebra of birds (p. 573) ™ being of the drape of a ring without My 
solid centrum like that of the rest. On the anterior face of its lateral portkms 
are two concave articular surfrces for the two amdjdes of the skdl. The seco^ 
vertebra or axis {A and B) bears on the amtertor face of its centrum a peg-like 
process, the odontoid process {od.), udiich fits into the ventral part <d tire li^ 
of the atlas. It haa a cmnpressed spine (sp.), produced in the antero-postew 
direction, and its transverse processes are diort and perforated by a canal which 
carries the v^lasd artey. All tiie oervimd vertebr* mccept the last have 

their transverse process bifurcated into dorsal and ventral lamdlK. ThesevenA 

differs fmn tim otheta 81 having a more ^csigated nenial spine, in having ite 
transverse {uocessies and imperforate, and in the presence on the 

posterior edge ot the centriun of a Uttie concave aenn-lunar foect. 
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The thoracic vertebrae (C) have e3t»gated sfiiiMS are mostly iScected 
backwards as well as upwards. The traztsverse processes are idust and atout. 
Each bears near its extremity a saiaU matKith articohyr surface or ^tharetdar/ace^ 
for the tuberde of a rib. Cte the anterior arui postmor boe^as of eadi verte- 
bra is a little semi-lunar facet, die cApUukur facet (foe.), dtuated at the junction 
of the centrum and the neural arch. The two contiguous sani-lunar facets of 
successive vertebrae form between them a little ciq>-like concavity into which 
the head or capituhm of a rib is received. The semi-lunar facet on the last 
cervical vertebra f<nms, with that rm the anterior border of the first tlmradc, 
the concavity for the head of the first rib. 

In the hunbar r^on the spines are comparatively diort, and both trans- 
verse processes and bodies are devoid of facets., ^From the centrum of each of 
the first two (or three) projects downwards a diort flattened process — the 



Fig. 452. — Class Kammalitp Infra^class SatheiUlt Cohort 01irai» Order LftiOSUiqMiat Family 
L^pocitot Sub*family LepoiillflB. OrfcCologiia^ Vertebrae. A, atlas and axis, ventral a^ect. 
od, odontoid process of axis. lateral view of axis, art, articular facet for atlas; od. odontoid 
process; pi, ly, post-zygapophysis; $p, aeuxal spine. C, thoracic vertebra, lateral view. cent. 
centrum; foe, facet for rib; met, metapophysis; pr, xy, pre-zygapophysis; pi, ty, post-zygapo- 
physis; r6. rib; 5^. spinous process. 


hypapophysis. Certain accessory processes, the metapophyses (vief.) and 
anapophyses, are wdl-developed, the former being extremely long in the 
posterior lumbar region. The metapophyses are situated in firont, projecting 
forwards and outwards over the prezygapoffliyses. The anapoph^es are 
situated bdow the postzygapophyses and project backwards. The transverse 
processes are long, and are Erected forwards and outwards. That of the last 
hunbar is bifurcated. All bear short hunbau: ribs at their tips. 

The sacral vertebrae are finnly ankylosed together to fonn a singfo com- 
porite bone, the saenm. The vertebre bear a dose resemUan^ to those of 
the lumbar t^on, but hypophyses and an^I^yses are absent, and the 
metapoffiiyses are cmnparatively smaU.* The first and secrnid bear great 
expanded lateral processes, or sacral ribs, with rou^ieiied external surfaces for 
artkulation with the ilia. These are the mdy sacnl yertd>ne in the strict 
sense of the term, the folkwing two being in re^ty anterior cawiaL 

Of the csmdal vertebrae the more anterior refeii^ tlioae of the sacral 
region, and have similar processes. Passing badEwmrii fo Uie caudri 
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all ^^ooesaes gradually dinmiali in «bse, Tbe inort poatwipr 
ie{a«8ented iiiecdy by iieady qdmdrical ^ 

aza tandva pisin of ttta, of aducbt tba &at soven aia aa traa 

ribs. are oonnectad by tiieir ca rti laginous sternal parts aath the 
The re ma i i i ii^ five, the so-called false or floating nbs, are not direoffy 
connected auth 3 ke' st^amun. AH, except the last f<mr, bear two articular 
facets. One of these & the vertebral extremity or captiUhtm, and the other 
is on the neck of ^ rib (near the tubercle). The Inmer is for articuktkm 
with the bodies, the latter the transverse processes of the vertebrae. 

The sternum consists of six segments or stereeifia. The first, the ffumndrinm 
stemi or prestefimm, is the largest and has a ventral kedi. With the last is 
connected a rounded cartilaginous plate, the xiphistemum. 

The skull (Figs. 453, 454), ignoring the jaws, is not very unlike that of birds 
in general shape. The length is great as compared with either the breadth or 
the depth. The maxillary region, or region of the snout (corresponding to the 
beak of birds (p. 575)), is long in prop(»tion to the rest. The orbits are dosdy 
approximated, being separated only by a thin interorbital partition, and the 
optic foramina are confluent. But certain important difiermces are recognis- 
able. One is the mode of union of the constituent bones. In the Pigeon, 
long before maturity is attained, the bony elements of the skull, originally 
distinct, become completely fused so that their limits are no longer distinguidi- 
able. In the Rabbit, on the other hand, such fusion between dements takes 
place in a few instance only, the majority of the bones remaining more or 
less distinct throughout life. The lines along which the edges of omtiguous 
bones are united (the sutures) are sometimes straight, sometimes wavy and 
sometimes zigzagged ‘serrations of the edges of the two bones interlocking. 
In some cases the edges iof tire bones are bevelled off and the bevdled edges 
overlap, forming a squamoits suture. 

Another conspeuous difierence between the skull of the rabbit and that of 
the pigeon is in the mode of connexion of the lower jaw. In the rabint it 
articulates directly with tire cranium : the quadrate, through which the union 
is effected in the Pigeon, is apparently absent. Certain large apertures are 
readily identified wi^ the large openings in the skull of birds. In the 
posterior waU of the dodl is a large rormded opening, the foramen magnum, 
flanked with a pair of smooth rounded elevations or condyles for articulation 
with the first vertebra. These obvioudy correspond to the single condyle 
situated ventro-medially in the foramen in the i^eon. A large (q>ening, 
situated at tiie end of the snout and looking forwards, obviously takes the place 
of the external na/res of the Aves. A large opoiing in the ro^ of the mouth, 
leading fiuwatd to the external nasal c^»Bning. plainly represenfo, tiioui^ nuidi 
wider and dtuated farther back, the internal or posterior nares of lards. The 
rounded tyijmipr (a$td. me.) dtnated at tiie tide ct the pouterkv part 
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Fig. 453.---Orircfolci0iMi: BlralL .4, lateral 
view; B, ventral view, ang, /»ro. angular pro- 
cess of mandible; a. $, aiisphenoid (extern^ 
pterygoid process) ; awd. »Me. external auditoiy 
meatus; 6. oc, basi-occipital; b. sph. basi- 
sphenoid; cond, condyle, fr, frontal; fnf. pa. 
inteiparietal; f. o, /. infra-orbital foramen; ju, 
jugal; frr.lachrym^; nf. molars; mumt. mas^a; 
nas, nasal; apt, fo, optic foramen; o, sph, 
orbito-sphenoid ; pa. parietal; pal. palatine; 
pal. max. palatine plate of maxilla; par. oc. 
paroccipital process; pal. p. max. palatine 
process of premaxilla; p.m. premolars; p. 
max. pre-maxilla; pr. sph. pre-sphenoid; pt. 
pterygoid; p. t. sq, post-tympanic process of 
squamosal: s. oc. supra-occipital ; sph. points 
to position of sphenoidal fissure, not Nearly 
visible in a lateral view; sq. squamosal; st./o. 
stylomastoid foramen; ty. bul. tympanic bulla; 
VO. vomer; xyg, max. zygomatic process of 
maxilla. 
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of the deoil, some distance bdiind the orbit, is much the same as the auditory 
aperture ai\ATd&. J- 

Surrounding the large opening of tibe f oram^ magnum are the bones of the 
aseipUtd regiem of the skull, the supra-, ex-, and ^mioccipiUds, The first of 
thnse (s. oc,) is a large plate of bone urhose external surface is directed backwards 
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and upwaiilB, aad devoted in the middle into a dddd^ped pro^teaMaa 
The exoedpUOs lie at the sides the opening, and eadi bears the greater part 
of the sooMaiiat ovd i»x»nineiice or cond^ vdth vrhkh tiie oonespoodiii^ 
surface of the atlas ot first vertebra articulates. Eadi is produced below into 
a process called the parocwpite/ {par. oc.), dosdy applied to tiie tympanic bulla. 
At the Mid of this, embedded in the tendon of a musde (the s^t^lossus), is a 
small bony rod, the s^idohyal. A small aperture, the condylar foramen, situ* 
ated bdow the condyle, gives passage to one of the cranial nerves, tiie hypo- 
glossal The basioceipital is a median plate of bone, almost horizontal in 
position, which forms the fioor of the most postMior part of the craniai ca vity ; 
it bears the ventral third of the occipital condyles. All these four bones of 



Fig. 454. — Orydolagua: Skull. Longitudinal vertical section. The cartilaginous nasa 
septum is removed, a. sph, ali-sphenoid ; e.oc. exoccipital; e, tb. ethmo-turbinal; eth, ethmoid; 
fl. fossa for flocculus of brain; t. incisors; mx, ib. maxillary turbiiud; n. ib, naso-turbinal; pal', 
palatine portion of the bony palate; peri, periotic (petrous portion) ; p. spk. pre-sphenoid; spk. f, 
sphenoidal Assure; r. t, sella turcica, or depression in which the pituita^ }x)dy ues; I, p<flat at 
which the olfactory nerves leave the skull; II. optic foramen; V. mn. foramen for mandibular 
division of trigeminal; VII. for facial nerve; VIII. for auditory nerve; IX, X, XI, tor glosso- 
pharyngeal. vagus. •and spinal accessory; XII. for hypoglossal. Other letters as in Fig. 453. 
(After T. J. Parker.) 


the occipital region are in the adult rabbit united to form the single occipital 
bone. Articulating in fiont with the basioceipital, but separated from it by 
a plate of cartilage, is a plate of bone, also horizontal in position, which forms 
the middle part of the floor of the cranial cavity. This is the basisphenoid. ' 
It is perforated at about its middle by an oval foramen, the piiuUary foramen, 
and on its upper surface is a depression, the sMa turcica, or pituitary fossa (Fig. 
453 . s. t.), in which the pituitary body (hypophysis cerebri) re^. In front of 
it is another median bone of laterally compress^ form, the presphenoid, witii 
which it is connected by cartilage. The removal d this leaves a gap in the 
dried skull. The presphenoid forms the lower boundary of the single, large 
optic foramen (Fig. 453, opt.fo.). Onmected lateraUy with the bam$id»raoid 
^d piespherufid are two pans of thin irF^;ular plates, the oHsphenoids («. a.) 
behi^ and the orbUo^kenoids (0. sph.) in fitmt. The alisfdiennds are broad 
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wiQg-lilce Ixmes, each produced below into a bdamiaato process, iSa/t 
process. A laiig^ foramen, the spkenoUal fimtre (pph,), ritnalted betweei the 
m:bitoq>hen(»d and the aliqdiendd of each side, taautadta frosn toe intetior of 
the skull the third and foiurth cranial nerves, toe^^rst and second divislaas of 
the fifth, and the sixth nerves. 

The boundary of the anterior i»rt of the brain-case is ccanpleted by a 
narrow plate of bone, the cribriform pkrle of toe etkmoU (Fig. 453, eth.), po-. 
forated by numerous small foramina for the passage of the olfactory nerves. 
This cribriform plate forms a part of a median vertical brnie, the mesdhmoid, 
toe remainder of which {UtnUna perpendicularis) forms the bony part of the 
partition (completed by cartilage in the unmacerated skull) betwero ttm nasal 
cavities. Fused with toe mesethmoid are twq lateral, thin, twisted hopes, the 
ethmo 4 urbifMk (e. 1 b.). Articulating with the inferior edge of the mesethmoid 
is a long median bone, having a pair of delicate lateral wings, the vonur (vo.). 
None of these, save toe cribriform plate, takes any share in the bounding of the 
cavity of the cranium. Roofing over that part the cranial cavity, tM walls 
and floor of which are formed by the sphenoidal dements, is a pair of investing 
bones, the parietals (Fig. 453, pa.). Farther forwards is armther pair, the fronials 
(Jr.). The parietals are plate-like bones, convex mcternaiUy, concave internally, 
which articulate with the supra-occipital behind by a transverse serrated 
lambdoidal suture. The right and left parietals articulate mutually by means 
of a somewhat wavy sagiUal suture. In front a transverse serrated suture, 
the coronal, connects them with the frontals. Between the supra-ocdpital and 
the parietals is a median ossification or interparietal {int. pa.). The frontals 
are intimatdy united in toe median plane by means of toe frontal suture. 
Laterally their orbital plates form an important part of toe upper porticm of the 
inner wall of the orbit. Above this, over each orbit, is a curved, scxnewhat 
crescentic process, toe supraorbital process. Between the alisphoioid bdow, 
toe parietal and frontal above, toe frontal and orbitosphenoid in front, and 
the parietal behind, is the broad squamosal bone {sq.), whose superior margin is 
bev^ed ofi. It is produced in frcmt into a stroi% zygomatic process, stoich 
curves outwards, tool downwards, and finally forwards, to mute, with the 
jugal in toe formation of toe zygomatic arch. Bdow the root of toe process is 
a hollow, toe glenoid fossa. Posteriorly the squamosal gives ofi a slender pro- 
cess, the post-tympanic process (p. t. sq.), whidi becomes applied to toe outer 
surface of toe periotic. 

Between the ocdpital and parietal bones, bdow and behind toe squamosal, 
sax the tympanic and periotic hones. Theutyn^pank forms the bony part the 
wall of toe extmxal auditory meatus. Bdow it focma a dfiated process, the 
India tympani {fy. bul.) projecting from the under surface of toe akdl. The 
periotic w a bone of irregular shape. Its internal (peiims} pattern (Fig. 454' 
pirn,,) endosing the membranous labyrinth of the jahecnal ear. Externally it 
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presents two sttuR o p e n i ngs ^ fl» femstim ouaHs and fentsiint raftniia, ’tdrfUe 
only wben ^e t3r m p a nic is ranoved. Inteinalfy it beats a d epse s s ioiB, iQie 
floccuktr lor tlw lodgntoit of the floccnhis the cexebdOosl. >oiE 
the poiotic ifnaakU pcntion) is seen on the extericn- <d the dcull between tte 
tympanie and exooci{ntaL ‘ The periotic and t3nnpanic axe not ank^ioaed 
together, but are ktosdiy connected with the surrounding bones, ami hf^ in 
positkm by tiie port-tympanic processes of the squamosaL Betweoi the 
tympanic and periotic are two foramina of importance— tiie st^^omasUdi, whidi 
transmits the seventh cranial nerve, and the Eu^atMan aperture, at which the 
Eustachian tube <q>ens (Fig. 93, p. 144). 

Ro<^ng over the olfactmy cavities are two flat bones, the nasals (nos.). 
Each has on its inner surface a very thin, hollow process, the nasoturbintd. 
In front of the nasals are the premaxills (p.max,) which are large bones form- 
ing the anterior part of the snout. They bear the upper incisor teeth and give 
ofi three processes — a nasal, a palatine {pal. p.max.), and a maxillary. The 
maxiUa (fnax.), which form the greater part of the upper jaw, and bear the 
premolar and molar teeth, are large, irregulariy-shaped bones, the outer sur- 
faces of which are spongy. They give off internally horizontal processes, the 
palatine processes (pal. max.), whidi rmite to form the anterior part of the bony 
palate. Between the premaxilbe and maxillae and the palatines on the lower 
surface of the skull is a large triangular opening divided into two anterior 
palatine foramina by the palatine processes of the premaxillae. On the outer 
surface of eaich maxilla, above the first premolar tooth is the infraorbital 
foramen (i. o. /.), through which the second division of the fifth nerve emerges. 
A strong {uooess given off from the outer face of each maxilla, and turning 
outward^, then backwards, to unite with the ;^gomatic process of the squamosal 
and thus to complete the z]^matic such, is a separate bone in the young, the 
malar or jugal (ju.). 

The maxillae help to bound the nasal cavities externally, and each bears on 
its itmer aspect a pair of thin scroll-like bones, the maxdh-iurbinals (F^f. 454, 
mx. fb.). The rest of the narrow bony palate, forming the roof of the mouth 
and the floor of the nasal cavities, is formed hy USaapalaHne plates of the^alrtMta 
hones (pal.). The so-called ^erygoHs (pt.) are small irregular bones, each of 
which arrictdates with the palatine in front and witih the ptmrygmd process 
of the alisphoMnd bdund. These are fnobaUy equivalent to rite fiised pt^- 
goids and ectoptrtygmds of reptiles (Partington and Westdl). The lackrymals 
(lor.) are small bones, eadi situated in the antmrknr wall of the orbit, perforated 
by a small vpitstaxar--tftrslack^ 

In rite iuteriw d rite skull (Fig. 454) are three cavities, the xi^ and kit 
olfactmy or xittal cavities in frcntt, uod rise cranial cavity bddnd. The 
two first-named tte separated from one mioriier by a mediaii partition or 
septum, parriy ear^ag^btous, pastfy bony, loimed, as above described, by the 
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mes^hmoid. Each contains the turbiiuds or itirbinate bones oi its side. Eadi 
opens to the exterior by the large external nasal ap^nre and commanacates 
Kofiinrf with the cavity of the mouth by a posterior nasal aperture. 

The cranial cavity has its walls moulded to a considerable extent (m the 
surface of the contained brain, and, in consequence, concavities in the former 
correspond to the prominrat portions of the latter. These concavities are 
termed the fossa, and they consist of the cerebeUar fossa bdbind and the cereal 
fossa in front, vrith the inconspicuous olfactory fossa in the frontal regioa. 

The mandible, or lower jaw, consists of two lateral halves or rami, connected 
with each other in front by a rough articular surface or symphysis. Behind 
they diverge like the limbs of a letter V. In each ramus is an anterior horizontal 



Fio. 455. — Oryeiolaffus: 
law miia^. MLS. lateral 
superficial, MLP. d^ep lat- 
eral, mma anterior medial, 
MMP. posterior medial, of 
masseter; PTE', insertion 
of external pterygoid. PT V. 
insertion of internal ptery- 
goid; /.temporal; inser- 
tion of temporal. (Redrawn 
after TuUberg.) 


portion, which bears the teeth, and a posterior vertical or ascending portion, 
which carries the articular surface or condyle {pond.) for articulation with the 
glmoid cavity of the squamosal. In front of the condyle is the compressed 
coronoid process. The angle where the horiztmtal and ascending processes meet 
gives off an inward projection or ar^pilar process {ang. pro.) (Fig. 453). 

The jaw-musdes in the Rabbit are speciidised f(n: the acticm of gnawing, 
ffumgh to a less extent than in many rodents (see~^ F^. 455). The musdes 
chiefly cmicemed are the temporal, masseter, ^ery^nds, and digastric. The 
temporal has its origin from a long, rather irregular area on the rednced tern- 
pcaal fossa, and is inserted on the medial side of the coronoid process of the 
lower jaw. The masseter is a large mass, and k divided into three sections, 
deep and superficial lateral, and medial. The origin is along the whole border 
d the jt^gal arch (tim medial and deep lateral) and on the lowmr bordir. of the 
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jnaxitla (s«qpetfidal laienl). The insation of all three secticnB is bii the 
face and border of flie angle <rf the Iowa: jaw. The intmui and ^exhmuA pftrjh 
goii muscles azistn^ from the pterygoid region are inserted on the unaer ade of 
the jaws at the angle and coronoid. respectivdy. The digastric muades udikh 
opm the jaws arise from the parocdpital process, and are inserted mifriemediai 
Iowa: sorfroe of the ramus. On the front part of the jaws are inserted other 
smaller muscles, such as the buccinator, which moves the hps, the gemoh^ 
glossus for the tongue and so on. 

The hyoid consists, in addition to the separate vestigial styloJ^als already 
mentioned, of a stout thick body or basihyol, a pair of small anterior cornua 
or ceratohyak, and a pair of long, backwardly-^rected cornua or thyrohyals 
(Fig. 612, p. 854). 

The auditory ossides, contained in the cavity of the middle ear and cut off 
from the exterior in the unmacerated skull by the tympanic membrane, are 
extremely small bones, which form a chain extending, like the columella auris 
of the pigeon, from the tympanic membrane externally to the fenestra ovalis 
internally. There are three of these auditory ossicles — the stapes (which corre> 
sponds to the columella of birds (p. 596)), the incus, and the malleus. The 
last-named has a slender process {processus gracilis). These are derived from 
the quadrate and articular elements {q.v.) of lower vertebrates. In addition 
there is a small disc-like orbicular bone which is attadied to the incus. 

The elements of the pedoral arch are fewer than in lizards (p. 486). There is 
a broad, thin, triangular scapula, the base or vertebral edge of which has a thin 
strip of cartilage (the suprascapular cartilage) continuous with it. Along the 
outer (dorsal) surface runs a ridge, the spine of which ends below in a long acro~ 
mion process. From this a branch process or metacromion is given off posteri- 
orly. The part of the outer surface of the scapula in front of the spine is the 
prespinous or prescapular fossa. The part behind is the post-spinous or pod- 
scapular fossa. At the narrow lower end of the scapula is a concave surface — 
the glenoid cavity — into which fits the head of the humerus. Immediately in 
front of this is a small inwardly curved process, the coraand process, which is 
represented by two separate ossifications in the young Rabbit. A lender rod. 
the clavicle, lies obliquely in the region between the prestemum and the scapula, 
but only extends a part of the distance between the two bones. In the adult 
it is connected with them only through the medimn of fibrous tisaie. 

The ^deton of the fore-hmb is more readily comparable with that of the 
lizard than that of the bird. Thore is, howevo:, a difference in the position of 
the parts owing to the rotation backwards of the distal end of the humerus, all 
the segments being thus brought into a plane nearly paralld with the mohan 
verticd plane of the body, with the pre-axial border directed outwards, and the 
origuud dorsal surface badcwards. The radtiis and uffia are fixed in die podticai 
of pronoHon, i.e. the distal end of the radius is rotated inwards, sp that, vdiile 



zocmoGV 


664 

the proximal end is extmnal to tiie ulna, the d&ttal end beocm^ 'm yi 

the digits of the mam» axe directed fmwaids. 

At the proxxmal end of the hiunons, an to be xecogiutod i. « xoandM head 
for articulation with the glenoid cavity of the scapula ; 2, externally agmafer 
and 3. internaUy a lesser tuberesify fm the insertum of mosdes : 4. a groove, 
the Udpittd groove, between the two tuberosities. On tiie antoiar atnr&ce of 
thepioximalpmrtionoftheshaftisasUghtridge.thedeftotdrui^. Attiiedistal 
end are two articular surfaces, the large and pulley 4 ike troMea lor the tdna and 
the analler capUdhm for the radius. Laterally there is an internal, and an 
ext^al, prominence or epicondyle. 

The radios and ulna are firmly fixed together so as to be of move- 

ment, but are not actually ankylosed. The radius 
articulates proxhnally wth the humerus, nistally 
with the scaphoid and lunar bones of theWorpMs. 
The ulna presents cm the anterior aspecfl its 
proximal end a deep fossa, the ^reoier sigmoid 
canity, for the trochlea of the humeru8.\ The 
prominent process on the proximal side of this is 
the olecranon process. Distally it articulates with 
the cuneiform. 

The carpal bones (Fig. 456), nine in number, 
are all small bones of irregular shape. Eight of 
these are arranged in two rows — a proximal and 
a distal ; the ninth, cenirale {cent.), lies between 
the two rows. The bones of the proximal row, 
taken in order from the inner to the outer side, 
are scaphoid {sc.), lunar (or semi 4 unar) {lun.), 
cuneiform {cun.), and pisiform. Those of the 
distsd row are likewise the trapezium {trpm.), 
trapezoid {trpz.), magnum {mag.), and unciform («nc.).* 

The five metacarpals are all small but r^tivdy narrow and elcmgated bcmes, 
the first being smaller than the rest. Each of the five digits has three phalanges, 
except the first, which has two cmly. The distal (mi^woI) phalanges are grooved 
dorsally for the attachment of the homy daw. 

The pelvic arch (Fig. 457) ccmtains the same demmits as in the pi^^on, but 
the union of the iUum with the sacrum is leas hxtimale. The acetabultm is not 
perforated, and the p»&es and ischia of of^podte siAs unite ventrally in a 
symphysis (sy.). The three bones ot the pdviS'^Hiiom, pubis, aM ischium- 
axe separate in the your^ RaM)it but are oonxpIdKfy Iraed hi the adiik animal. 

* bonadogiM ol fhew bcmes an not qnite Oertaiii, bnt an wiy vtelbeHy aa iillows 
mof iii a iA ^ ndiaw; Innar •• intermedium: cuaeifQm ■•‘idnani a is iw BBi a le em eud d bone: 

1st ^aadcentnlia; trapesiam » xatdistsle; tcimai^ aad distale; ma^m ** 
oadfoem 4lii ai^ 5U1 CUstaba. 



Fig. 456. — OryetoUigue : 
F oss a rm aadaaisns. Distal end. 
dorsal view, the bcmes bent to- 
wards the dorsal side so as to be 
partly seimrated. cent, ccntrale;' 
cw«. cuneiform; lun. lunar; mag. 
magnum: rad, radius; sc. scm- 
phoid; trpe. tnpezoid; trpm, 
traj^um; utn. ulna; unc. 
unciform; I—V, bases of meta- 
carpah. (After Krause.) 
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The ai®n and isduum meet m tiie acetabulani (to they 
the articular <avtty for the head of the femur. 'Hie remahi^ ci ^ ciKvi^,|8 
bounded, not by the pubis, hut by a »nall intercalated osi^lcaitiop't*-^ 
cf^toid bone. 'The. ilium (U.) has a rough surface fmr uticidatum. widi^^tbe 
sacrum. Between the pubis {pub.) in front, and the isdiium {ji$ch.) bd|iiiid, is 
a large aperture — ^the ot^urator foramen {obt.). 'Hie femur is -rotat^ forwards 
when compared with that of the lizard, so that the limb is nearly in the siune 
plane as the fore-limb, and the pre-axial border is internal and the originally 
dorsal surface is anterior. The femur has at its proximal end a prominent head 
for articulation with the acetabulum. External to this is a prominent process, 
the great trochanter. Internally there is a 
much smaller lesser trochanter, while a small 
process or ihird trochanter is situated on the 
outer border a little below the great trochan- 
ter. At the distal end of the femur are two 
prominences or condyles, with a depression 
between them . Two small sesamoids or fabelUe 
are situated opposite this distal end on its 
posterior aspect. Opposite the knee-joint, or 
articulation between the femur and the tibia, is 
a larger bone of similar character — ^the knee- 
cap or patella. The tibia has at its proximal 
end two articular surfaces for the condyles of 
the femur. Distally it has also two articular 
surfaces, one internal, for the astragalus, the 
other for the calcaneum. 'The fibula is a 
slender bone which becomes completely fused 
distally with the tibia. 

'The tarsus (Fig. 458) consists of six bones of 
irregular shape, arranged in two rows, one of 
the bones, the navicular (nav.), being intercalated between the rows. In the 
proximal row are two bones, the astragalus (ast.) and the calcaneum (cal.), 
both articulating with the tibia. 'The calcaneum presents behtod a long cal- 
caneal process. 'The distal row contains three bemes, the mesocunHform, 
ectoctmei/orm, and cuboid {cub.). 'The entocuneiform, which commonly fmms 
the most internal member of this row in other mammals, is not present, as a 
separate bone.^ * 

There are four metatarsals, the hallux or first digit being vestigial and fused 
with the secoml metatarsal in the adult. The proximal end of the second is 

* In probabilitjrthe homoiogiM of these bones aieas follows tttnignlua » fotennedhim 
+ tibiiJe Md praadnal centnifo; cidcMeum fibolare: naviculw let end end.oeiitinilin; 
entocuneifonn « Tstdistale: mesocuaeifonn nenddistaie; ectocuneifan&vstddSatnle; ebboid 

4 th and 5tb diMalia mai i»roba.bly 3id ceattmite. . ' 



Fic. 45;’. — OrmnoUtuvmt lae- 
nm and iaoominaw bones. Ven- 
tral aspect, atet. acetabulum; il.. 
ilium; tsdi, ischium; eU. obturator 
foramen; ptfb, puble; soar, sacrum; 
sy. symphysis. 
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produced into a process which articulates with tiw navtccaar. Eatk vi the 
digits has three phalanges, which are similar in character to those ol the manus. 

The ealom of the rabbit difiers from that oi Urds and reptiles in being 
divided into two parts by a transverse muscular partition, tiw 
The anterior part, or thorax, ccmtains the heart and the roots of tlte great 
vessels, the lungs and bronchi, aiul the posterior part of the oesophagus. The 
oesophagus perforates the diaphragm to enter the posterior part, Momen 
which contains the stomach and intestine, the liver and pancreas. tlM spleen, 

the kidne3rs, ureters and urinary bladder, and the 
organs of reproduction. 

Ailment^ Canal and Assoeiated Straehirw.— -The 
teeth (Fig. 453) are lotted in sockets or alveoli in the 
premaxilUe. maxillae, amd mandible. In the preinaxillse 
are situated four teeth — ^the four upper incisms. Of 
these the two amterior are very long, curved,! chisel- 
shaped teeth, devoid of roots and growing thro^hout 
life from persistent pulps. Enamel is present, and 
forms a thick layer on the amterior convex surface, 
which accounts for the bevelled-off charau:ter of the 
distal (occlusal) end. The layer of enamel is much 
harder than the rest of the tooth, which therefore wears 
away more quickly at its cutting extremity. Along 
the anterior surface is a longitudinal groove. The 
second pair of upper incisors are small teeth lodged just 
behind the larger pair. In the lower jaw are two 
incisors, which correspond in shape with the anterior 
pair of the upper jaw, but lacking any longitudinal 
groove. The remaining teeth of the ui^>er jaw are 
lodged in the maxillse. Camues, present in most mam- 
mals as a single tooth on eadt side, above and below, 
teular."**’*^**”**' ***’’ are here entirely absent, and there is a considerable 

space, or dia^ma between the indsois and tiie pre- 
molars, the teeth next in order. Of these there are three in the uf^>er jaw and 
two in the lower. They are long and curved with persistent pulps like the 
incisors. The first upper premolar is anallm' than the others and of simpk 
shape. The rest have each a longitudinal groove Ixi the outer side and a 
transverse ridge on the crown. The lower premdtef has two grooves; the 
second is similar to those of the upper jaw. Behind the premolass are the 
molars, of which three occur on each side botii in tiie uppor and knaer jaws. 

Openmg into the cavity of the mouth, or buocd cot^, axe ^ ducts iovx 
pairs of salivary glands. These are the parotUk (situated belour pinns). 
the ittfraorbiials (below the eyes), the submaxSBarias QFig; 459, s, uwe. gifc) (n®**" 



Fio. 438.— OryetorasraM t 
fm. asi, astragalus; cai, 
calcaneum ; cuo, cuboid ; 
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the aii^ies oi 43 iA jair} «wl the st^imguak O’owath the toi^;ii^t ^ The ewfiva 
mcMsteos aad hibtieates the food. Chi the floor of the mouth is the eunciflsr 
tof^, covered vrath a mucous membrane bes^ wi&many pa|al]c» cm fiestahi 
of y fci^ the tesfe-dMis (p. 137) are atnated. The roof of the mouth is fcnnSd 
by the hmtf;^aiefe.vvluch is crossed by a series of transvase ridges of its mueoas 
membrane. Postarioriy the hard psiate passes into the soft pedate, vrhich ends 
behind in a free pemhikios flap, the in front of the tqiening of the 

nares. When the annual propels food from the buccal cavity towards the 
oesophagus, the soft palate and uvula rise and block the flow of air from the 



"in? 




Fffi i in OrMofofamit T B6id.BadLiQiilionK. Lateral view. The head and tpinal column 
are represented in mesial vertical section. The left lung is removed. The greater part of ^e 

. . — , j -1 — *1.^ ..^1 iAm ^««*hinals. eorf. dorsal aorta; 

coronary vein; dia. dia- 
lar, larynx; /. j, v, left 
.maxilla; medulla 



nostrils, and at the same time prevent food from entering the nares. At the 
anterior end of the palate a pair of openings, the nasopahtiitid or anterior pdla^ 
tine canals, lead into the chambers, and into them open a pair of tubular 
structures, the organs of Jacobson (Fig. 460, jcb,). These are enclosed in carti- 
lage and dtuated on the floor of the nasal cavities. Behind the mouth or 
buccal cavity proper is the pharynx, which in the rabbit is not sharply marked 
off from the buccal cavity, but begim where the hard palate ends. TTie 
pharynx is divided into two parts, an upp«r or nasd division {nnsophnrynx) 
snd a lower or buccal division {oro^pharynx) by the soft palate. The apertim 
of the posterior nares is ^mtinuous with the nasal division, at the sides of whirii 
are the l4^wer pharyngeal openings of the Eustachian tubes* The naso- 
phaiTiix is oonrinuoiis with the oro-^iarynx round the posterior free edge of 
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the soft palate. From the oto-pharynx leads ventraUy the slit-hke opeiung of 
the glottis^ into the Ua^x and trachea. Attached eictenially to lazynx and 
trachea are the paired Idles of the endocrine thyroU gland (p. 151) and directly 
adjacent are the minute parathyroid glands (p. 152). These structures are endo- 
crine glands and not of course part of the digestive system ; nevertheless they 
are conveniently noted here. The tibyroids secrete an iodine-containing hor- 
mone thyroxin which is important in general metabolism. If iodine is in- 
sufficient in the diet (as is often the case in certain mountain regions) the thyroid 


MeTPt.eart 



n^patr 


Fig. Naial lefiia. 

Vertical section through the anterior part of the 
head, inc, section of larger incisor tooth; jcb, 
lumen of Jacobson's organ, surrounded by 
cartilage; hr, dct, lachrymal duct; max. 
maxilla; max. trb. maxill^ turbinals; nos, 
nasal bone; nas. pal naso^palatine canal; sepl 
carl cartilaginous nasal septum. (After Krause.) 


m turn receives insufficient quantities 
from the blood-stream and the patho- 
logical condition of goitre results in 
animals^, including Man. The para- 
th}rroids secrete parathormona which 
controls aspects of calcium! meta- 
bolism. Removal causes death. \ Over- 
hanging the glottis is a leaf-likq mov- 
able flap, the epiglottis (Fig. 45q, «/>.), 
formed of a plate of elastic cartilage 
covered with mucous membrane. Just 
as the uvula closes off the anterior part 
of the respiratory tract during de- 
glutition or swallowing, the epiglottis 
closes off the latter part, thus protect- 
ing the bronchi and lungs from entrant 
and injurious food-particles. Accident- 
ally aspirated particles are repelled by 
a defensive and explosive cough-reflex. 
Behind the pharynx comes the ceso- 
phagus or gullet (ces.) This is a narrow 
but dilatable muscular tube which runs 
backwards from the pharynx through 
the neck and thorax, enters the cavity 


of the abdomen through an aperture in the diaphragm, and opens into, the 
stomach. Food is propelled into the stomadi by waves of peristaltic smooth 


muscle contraction under involuntary contnfl. 

The stomach (Fig. 461) is a capacious sac, much~wider at the cardiac end, 
at which the oesophagus enters, than at the opposite ot pyloric end, from which 
tixe comminuted food passes through a drcolar muscle, Utrop^aric sphincter, into 


the duodenum {du. and du') the first part oi the smdU mtestine. The duodenum 


. . - > ;11m term glottis is mote strictly s.pplied mot to Uus dit, but to tbsoUt-lihompertncs botwem 
tteo folds of the mucous membrune witaim the Isrymac— tiw veeet eonb— udiich oonmtute the chiH 
|«rte of Uie vocal apparatus. 
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Fig. 46X . — Orifeioia^M : Vimralrelfttioiitliips. The stomach, duodenum, posterior portion of 
rectum and liver (in outline) with their arteries, veins, and ducts. A, the cosUac artery another 
specimen (both x f ). The gullet is cut through and the stomach somewhat displaced backwards 
to show the ramifications of the coeliac artery {cce. a.) ; the duodenum is spread out to the right of 
the subject to show the pancreas (pn.) ; the branches of the bile-duct (c, b. d.). portal vein (p, v.), 
and hectic artery (A. a.) are supposed to be traced some distance into the various lobes of the 
liver, a. ni.-a, anterior mesenteric artery; cau. caudate lobe of liver with its artery, vein, and bile- 
duct; c, b, d, common bile-duct; cd, st, cardiac portion of stomach; c. il. a. common iliac artery; 

a. cosUac artery; cy, a. cystic artery; cy. d, cystic duct; d. ao. dorsal aorta; du, proximal, 
and du', distal limbs of duodenum; du, a. duodenal artery; du. h. a, (in A), duodeno-hepatic 
artery; g, a. gastic artery and vein; g. b. gall-bladder; h. a. hepatic artery; h. d. left hepatic 
duct; /. c. left central lobe of liver, with its artery, vein* and bile-duct; L g. e. lieno-gastic vein; 

/. lateral lobe of liver with its artery, vein, and bile-duct; tns, branch of mesenteric artery and 
vein to duodenum; ms. r. mesorectum; m. v. chief mesent^c vein; ass, cesophagus; p. m. a. 
posterior mesenteric surtery; p, m. v. posterior mesenteric vein; pn. pancreas; pn. d. pancreatic 
duct; p, V, portal vein; st. pyloric portion of stomach; ret. rectum; r. c. right central lobe 
of Hver. with artery, vein, and bile-duct; spg. Spigelum lobe of liver with its artery, vein, and bile* 
duct; rpf. spleen; a. splenic artery. (After T. J. Parker.) 

VOX. 11. TT 
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is an elongated, narrow, greatly coiled tube curved into a U^haped bop. It 
is succeeded by the cdled ileum which aids at an iletxt^c sphincter and a 
rounded expansion, the sacculus rt^tendus. At the junction of snoaU and large 
intestine is the cacum. a long, wide, capacious, thin-walled pouch which ends in 
a small blind vermiform appendix. The caecum exhibits a si»ral constriction 
which indicates the internal presence of a ruurow spiral valve. In herbivorous 
animals (such as rabbits) the caecum is an important cagan of digestkm and 
absorption. Leaving the caecum dose to the entrance of the ileum is the colon, 
a wide sacculated tube which is continued into a narrow, smooth-walled, pos- 
terior rectum {ret.), which opens to the exterior by am anal orifiu. The intestine, 
like that of the pigeon, is attached throughout its len^ to the dorsad wall of 
the abdominal cavity by a mesentery, cx douhl(e4old of peritoneum. / 

The liver, attached to the diaidiragm by a fold of peritoneum, hasi its sub- 
stance imperfectly divided by a series of fissures into five lobes. From each 
lobe arises a tiny hepatic duct and these unite mutuadly and with the eyW duct 
from the thin-walled gaU-Uadder, situate in a depression on the right p^terior 
surface of the liver. The commtm bile-duct (c. b. d.), formed by the uniori of the 
cystic amd hepatic ducts, opens into the dorsad aispect of the duodenum neau- the 
pylorus. 

The pancreas (pn.) is a diffuse cennpound gland of cfmbined exocrine and 
endocrine function lying in the fold of mesentery passing across the loop of the 
duodenum. Its single duct, the pancreatic duct {pn. d.), opens into the distal 
and ascending limb of the loop. In addition to the enzymes of the pancreatic 
fluid a further complement is secreted in the succus entericus produced by the 
glandular walls of the duodemun. From this region, too, aurises the portion of 
the hepatic portal sj'stem which carries absorbed foodstuffs up to the liver 
(p. 112). 

Rabbits share with the Common Haute, shrews, and probably other herbi- 
vores the habit of rejection ; they consume their own freely voided faeces. 
It is probable that they thus obtain quantities of B complex vitamins that have 
been produced by bacterial action in the large intestine. 

Blood Vascular System. — ^The heart (Fig. 462) is situated in the cavity of the 
thorax, a little to the left of the middle line and lies in a space, the mediastinum, 
between the two pleural sacs enclosing the lungs. The mediastinum is divisible 
into anterior, dorsal, median, and ventral parts.» In the antorior part lie 
the posterior part of the trachea, the neighbouring parts of the cesof^agus and 
of the thoracic duct of the lymphatic system, the roots of the great arteries and 
the veins of the pre-cavol syston, and tl» phrenic, pneumo^atric, ami other 
naves. In the dorsal part are atuated the posterior part the c^phagos, 
the thoracic part of the dorsal amta, the pnaumogastric nerve, tihe oj^os vein, 

saoAih&thofacicdud. The middle part is the and lodges the heart and 

roerts of the aorta and pulmonary artery OKdoBed in the parkardium, the pos- 
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Fig. 462. — Ofivlolagifaf Bdtrt u4 anoelatad itfiietani. Ventral aapectt The airows 
indicate the genexu direction of blood-flow. On the left side oxygenated blood (received from 
both left and right pulmonary veins) empties into the left atrium, flows through the left atrio- 
ventricular (bicuspid, mitral) valve into the ventricle, and is propelled into the general circulation 
through the aortic valve. Into the right side comes deoxygenated blood (received from the 
general circulation via the right superior vena cava (top arrow) and left superior vena cava (lowest 
arrow). It flows into the ventricle through the right atrioventricular (tricuspid) valve (partly 
dissected out) and is propelled towards the semilunar valves into the pulmonary arteries and the 
lungs. The ligamentum arteriosum is a solid fibrous vestige of the ductus arteriosus that con- 
nects tfie pulmonary and systemic arches. It takes origin from the distal part of the left sixth 
arterial arch of the embryo. (Modified alter Young.) 


tenor portkm of pre-caval veins, the phrenic nerves, the terminal part of 
the azygos vem. mid the roots of the lungs. The ventral part contains only 
^olar tissfOe the lobidar lymphmd g^and of undetermined function. 

pericardial meaibrane enclosing; the heart consbts of two layers, a pamtol, 
tonning the waS itf ^ pmicardial cavity, and a visural, immediatdy investing 
the heart. B e tm ee n Sie turo is a narrow cavity ccmtaining a little lubricatii^ 
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pericardial fluid. In general shape the heart resembles that of birds — it has 
the apex directed backwards and slightly to the left, and the base forwards. 
T iifP that of the Pigeon, it comprises right and left auricles and right and left 
ventricles. The right and left sides of the heart have their cavities completely 
separated from one another by inter-auricular and inter-ventricular partitions. 

Venous blood comes into the right auricle from the rigid and left pre-caval 
veins and the single post-cavcd. The first opens into the anterior part, the 
second into the left-hand ride of the posterior portion, and the third into the 
dorsal surface (Fig. 462). In the wall of the rig^t auricle is a small node of 
specialised tissue, the sinu-auricular node or pace-maker from which originates 
the heart-beat. The conduction apparatus of the excitation wave, involving 
the auricnlo-ventricidar node, aurictdo-ventriculaf- bundle and the Purkmje net- 
work of the Mammalian heart, is described on p. 882. From the innerl surface 
of the auricle arise numerous cords of muscle fibres, the musculi pectirMi. 

A membranous fold, the remnant of the foetal Eustachian valve, extends from 
the opening of the post-cava forwards towards the auricular septum< The 
opening of the left pre-cava is bounded behind by a crescentic fold, the valve of 
Thebesius. On the septum is an oval area, the fossa ovalis, where the partition 
is much thinner than elsewhere. This marks the position of an aperture, the 
foramen ovale, that occurs in the foetus. The crescentic anterior rim of the 
aperture is known as the annulus ovalis. The cavity of the right auricle com- 
municates with that of the right ventricle by the wide right auriculo- ventricular 
opening. This is guarded by a large valve, the tricuspid, composed of three 
membranous cusps. These are so arranged and attached that whilst they flap 
back against the walls of the ventricle to allow the passage of blood from the 
auricle to the ventricle, they meet together across the aperture so as to close the 
passage when the ventricle contracts. The cusps of the valve are attached to 
muscular processes of the wall of the ventricle, the musculi papUlares, by 
means of tendinous threads called the chorda tendinece. The right ventricle, 
much thicker than the auricle, forms the right side of the conical apical portion, 
but does not extend quite to the apex. Its walls are raised up into muscular 
ridges called columna cornea. It gives off in front, at its left anterior angle, 
the pulmonary artery, the entrance to which is guarded by three pouch-like 
semilunar valves (Fig. 462). 

The left auricle receives oxygenated blood from the lunp. The right and 
left pulmonary veins open together into the cavity of this auricle on Tts dorsal 
aspect. A large left auriculo-ventricular <^niii^ leads from the cavity of the 
left auricle into that of the left ventricle. Thb is guarded by a- mitred valve 
consisting of two membranous cusps with chordae tendineae and musculi 
papillares. In the walls of the ventricle are cokmma cornea, rather more 
strongly developed than those in the right. At the basal (antmmr) end of the 
left voitricle is the opening of the aorta, guarded by ritree sendhenar vdvtt 
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similar to those at the entrance of the polmonaiy artery. The torontBry arterkn, 
which supidy the cariitui musde, are given off from the aorta just beyond the 
semilunar valves. The corresponding vein opens into the terminal part erf 
the left pre-cava. The pulmonary artery divides into right and left brandies 
which carry venous blood to the corresponding lungs for oxygenation. 


Fig. 46y—Oryciolagua: Blood vasoiilar system. 

The heart is somewhat displaced towards the left 
of the subject; the arteries of the right and the 
veins of the left side are in great measure removed. 
a. epg. internal mammary or anterior epigastric 
artery; a. /. anterior facial vein; a. m. anterior 
mesenteric artery; a. ph. anterior phrenic vein; 
az. V. azygos vein; br, brachial artery; c. it. a. 
common iliac artery; c, it. v. hinder end of post- 
caval; c£g. coaliac artery; d. ao. dorsal aorta; e. c. 
external carotid artery; e. it. a. external iliac 
artery; e, it. v. external iliac vein; e. ju. external 
jugular vein; fm. a. femoral artery ; /w. v. femoral 
vein; h. v. hepatic veins; i. c. internal carotid 
artery; i. cs. intercostal vessels; i. ju. internal 
jugular vein; t. /. ilio-lumbar artei^ and vein; in. 
innominate artery; /. au. left auricle; /. c. c. left 
common carotid artery; t. pr. c. left pre-caval 
vein; 1. v. left ventricle; m. sc. median sacral 
artery; p. a. pulmonary artery; p. epg. posterior 
epigastric artery and vein; p. f. posterior facial 
vein; p, m. posterior mesenteric artery; p. ph. 
posterior phrenic veins; pt. c. post-caval vein; 
p. V. pulmonary vein; r. renal artery and vein; 

r. au. right auricle; r. c, c. right common carotid 
artery; r. pr. c. right pre-caval vein; r. v. right 
ventricle; set. a. right subclavian artery; set. v. 
subclavian vein; spm. spermatic artery and vein; 

s. vs. superior vesical artery and vein; ut. uterine 
artery and vein; vr. vertebral artery. (After 
T. J. Parker.) 



From the base of the left ventricle the aorta takes oxygenated blood to a 
system of arterial vessds by which it is conveyed throughout the body. The 
aorta first runs fixrwmd, then bends round the left bronchus, fomrir^ the arch 
of the aorta (Figs. 462, 463), to run thior^h the thorax and abdomen, in 
close cmitact with the s{Hnal ediunm, as the dorsal aorta {d, ao.). From the 
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aich of the aorta are given off two large arteiieB, the imomina^ (in.) and the 
left subdavian. The innominate divides to fotm the rif^ SMbdmutn (sM, a.) 
and the (r. c. c.) and left (1. c. c.) common earoUd arteries. The subdavian 
passes to the fore-limb as the bracfnal artery, giving origm to the vtrtdtral 
artery. After passing up througii the vertebrsutoial canal the veteteal artery 
supplies branches to the spinal cord, finally entering the cranial cavity and hind- 
brain. The subdavian also gives off the anterior epigastric or internal mam- 
mary, which supplies the thoradc parieties.^ 

The right carotid divides opposite the angle of the jaw into internal and 
external carotids. The left carotid and left subclavian correspond to the right 
carotid and right subdavian in their branches and distribution. If carefully 
looked for. the slight dilation of the carotid spi^ can be seoi at the origin of 
the internal carotid, the common carotid having been pulled to one aide (the 
dissector going in through the neck). The carotid sinus contains raptors 
(baroceptors) that are sensitive to changes in blood pressure. Thesei ornate 
reflexes that tend to stabilise blood pressure. Thus, nerve impulses are ^nt to 
cardiac and vasomotor centres in the medulla oblongata. A rise in ferial 
pressure causes a reflex slowing of the heart and vasodilation, thus restoring 
blood pressure to near its previous level. The reverse process also occurs. 

Passing through the thorax the aorta gives off a series of small paired 
intercostal arteries (». cs.). In the abdomen its first large branch is the cceliac 
artery (ca.), which supplies the liver, stomach, and spleen (p. X05). Behind 
this it gives origin to the anterior mesenteric (a. m.), which supplies the intestine 
and the pancreas. Opposite the kidneys it gives off the two renal arteries (r.), 
and a go^ deal farther back the spermatic (spm.) or otmian arteries as the case 
may be. Just in front of the origin of the spermatic arteries is given off a 
posterior mesenteric (p. m.), which supplies the hinder part of the rectum. A 
series of small lumbar arteries supply the side-walls of the abdominal cavity. 
Posteriorly the dorsal aorta divides to form the two conunon iliac arteries 
(c. il. a.) which supply the pelvic cavity and hind-limbs. A small median sacral 
(caudal) artery (m. sc.) passes backwaixis in the middle line to supply the caudal 
region. 

The system of caval veins which bring venous blood to the right auricle 
consists of the right and left pre-cavee and of the single post-cava. The right pre- 
cava is formed by the uni<m of the right jt^ular (e.ju^ vein and r^ht subdavian 
(sd. V.). The a^os vein (as. v.), the r^ht anterior intercostal (f.cs.), and the 
right anterior epigastric or internal mmnmmy also opens into it. The left pre- 
cava receives a series of veins similar to those forming the rig^t,. except that 
tl^e is no azygos on the left side. 

The post-caval vein (pt. c.) is formed ia the lu&dar part of the abckiminal 
Mvity by the union of the intmtal iUacs (i. iL p.) bring blood Iran the 
* Zaaay tbm may be much vattetiaB 
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bade ^ tibe thigite;. Shority after its origin it reodves the two iftees 

11^} 'ccenteg frenn the hind-limbs. In front of this a pair^sftw fw i wh s r 
(t./.) vdtts jdn it. A little farther forward the post-cava is jmned by a pairdf 
spematie (spm.) or ovanan vans and oppodte the kidneys by a pair of rmui 
veins (r.). The post-cava ultimatdy also receives by means of tiie 
veins blood originally carried to the liver by the hepatic portal system, alter the 
passage of sndi blood through the liver. The prindpal veins of the portal 
system are the lieno-gastric, duodenal, anterior mesenteric, and posterior mesen- 
teric which unite to form a single, large portal vein (Fig. 461, p. v.). There is no 
trace of a renal portal system (pp. 112, 158). 

The red Uood corpuscles are circular, bi-concave, non-nudeated discs. The 
spleen is an elongated, compressed, dark-red body, situated in the abdominal 
cavity in dose ccmtact with the stomach to which it is bound by a fold of 
peritoneum, the gastro-splenic mesentery. The spleen is highly vascular and its 
functions include blood storage and the phagocytosis, by means of its reticulo- 
endothelial cells, of effete red cells. It has a fibrous capsule containing some 
smooth muscle from which anastomising trabeculx extend inwards. In the 
resultant interstices lies the splenic pulp into which arterioles discharge into 
sinusoids and from which venule take up blood for venous return. The stored 
blood can be rapidly driven into the general drculation in emergency by the 
contraction of the capsule which is under sympathetic control (see p. 119). 

Lymp hatfe System. — Although relatively difficult to demonstrate, the lym- 
phatics, associated with the capillaries, ramify through almost every part of 
the body. Except in the spleen and parts of tire liver, blood does not come in 
actual contact with the tissues — tissue-spaces lie between. 

The capillary walls are highly permeable to all but the largest molecules, 
i.e. proteins. TTiese are retained in the capillary, and exert an osmotic pressure 
into the capillary of about 25 mm. Hg. The outward movement is determined 
by the excess hydrostatic pressure over this osmotic pressure at the arteriolar 
end. At the venule end, the hydrostatic pressure is less than osmotic pressure 
and so water and its solutes {e.g. metabolites) move back in again. 

The proportion of the tissue-fluid that passes into the lymph capUlaries 
{lymphatics) as lymph is still almost identical with tissue fluid. Lymph contains 
much the same inorganic components as blood as well as some protein. It 
contains also lymphocytes, but lacks red cells and blood platdets whidi cannot 
penetrate the blood capillary walls. The lymph vessels are interrupted at 
various points by lymph nodes (containii^ reticular cdls) which produce lym- 
phocytes and macroj^ages which phagocytose bacteria and other invarive 
particulate mattor. 

Emulsified ai»l partly digested fats are carried as c^le from the lymffliatics 
of the sma^ mtestine. lymph-hearts (p. xz6), but well-equipp^ with 

valves and so s itua ted that mus^ movement moves the fluid onwards, the 
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iimciense nuuiunalian lymphatic network finally canalises its contents into tiie 
blood-stream via the thoracic duU (Fig. 4^)* This passes anterknly 
the thorax and opens into the left external jugular vein near its junction with 
the subclavian. Lymphatics supplying the left side of the head, neck, and 
arm drain into the thoracic duct near its outlet. In some animals about three- < 
quarters of each lung, and a large proportion of the peritoneum, drain into the^ 
right lymph duct, which enters the right external jugular directly. 


ft. Intamal 
jugular v. 


It subclavian v. 

tt subclavian a. 
trachea 
oesophagus 
aorta 
It pulmonary a. 
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It pulmonary v. 
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Fig. 464. — Homo: j Cftidiac 
region and thoraeio debt. The 

pericardium has been dis^ted at 
its line of reflection from the vessels 
entering the heart. The descend- 
ing thoracic aorta has been re. 
moved to reveal the course of the 
vagal nerves which form the 
oesophageal plexus and sub- 
sequently separate. The azygos 
vein has been cut near its entrance 
into the superior vena cava. The 
left recurrent pharyngeal nerve as 
shown (after leaving the vagus) 
hooking anteriorly (•) around the 
top of the descending aorta to the 
ligamentum arteriosus (ductus 
arteriosum) which is not ^own. 
The receptaculum chyli is easily 
seen in the rabbit. (Modified after 
Boyd, et al,) 


Respiratory System. The larynx (Fig. 465) is a chamber with walls supported 
by cartilage, lying below and somewhat behind the phaiynx, with which it 
commumcates through a slit-like aperture, the glottis. The cartilages of the 
lar3mx are, in addition to the epiglottis (p. 465), theJarge thyroid {th.), which 
forms the ventral and lateral walls, the ring-like cricoid (cr.), the two small 
arytenoids {ary.), and a pair of small nodules, the cartilages of Santorini {sant.), 
situated at the apices of the arytenoids. The voctd cords extend across the 
cavity from the thyroid below to the arytencdds above. The lar3nix is essen- 
tially a mechamcal valve at the entrance to the air-way, capable of preventing 
or oi regulating both the entrance and the «dt of air from tire bronchial pas- 
sages and the lungs, in response to drai:^;ing j^ysdo^cal requirements. Its 



PHYLUM CHORDATA 


pennanent patency is ensured by Hie cricoid cartilage being: completd^ ring- 
shaped, unlike the remaining laryngeal cartilages and the inoorapi^ tings of 
tradea and bronchi. 

Leading backwards from the larynx is the 
trachea or wind-pipe (Fig. 465, tr.), a long 
tube the wall of whidi is supported by 
cartilaginom rings which are incomplete 
dorsally. The trachea enters the cavity of 
the thorax, and there divides into the two 
bronchi, one passing to the root of each 
lung. 

The htngs (Fig. 466) are enclosed in the 
lateral parts of the cavity of the thorax. 

Each tri-lobed lung lies in a cavity, the 
pleural sac, lined by a pleural membrane. The right and left pleural sacs are 

separated by a considerable interval 
owing to the development in the partition 
between them (mediastimun) of the heart 
and other organs. The lung is attached 
to the mediastinum at its root mily, and 
there the pleural membrane is reflected 
over it as a visceral layer (p. 107). In 
this respect the Rabbit’s lung differs 
widely from that of birds. It differs also 
in its minute structure. The bronchus, 
entering at the root, divides and sub- 
divides to form a ramifying S3^tem of 
increasingly smaller tubes, each of the 
ultimate branches of which, or terminal 
bronchioles, opens into a minute chamber 
or infundibulum, consisting of a central 
passage pving off a number of thin- 
walled alveoli. Each alveolus is en- 
meshed externally by a dense network of 
capillaries, which in the total lung com- 
prise a relatively immense respiratory 
surface. As the blood flows throu|^ 
the capillaries, gaseous exchanges take 
{flace between it and the air oaterii^ 
and leaving the alveoU of the brondiial tract. 

Agroupofmfundibula (supifliedbyasin^bixmclttole,wia«hjJivi<testh«:^ 
to form the tenninal bronchioles) is termed a/ohxfc of the lung. ( In gross Htape 



Fig. 466.— OrifelotagtM; Xbofieio 
tionshipf* Transverse section in the region 
of the ventricles to show the relations of 
the pleurae, mediastinum, etc. The lungs 
are contracted. oarL dorsal aorta; ar. v, 
azygos vein; cent, centrum of thoracic 
vertebra: /. Ing. left lung; /. pi. left pleural 
sac; h uent. left ventricle; spinal cord; 

oesophagus; par. per. pariew layer of 
pericardium ; pt. cav, post-caval. close to its 
entrance into right auricle; r. Ing. right 
lung; r. pi. right pleural cavity; r. vent. 
right ventricle; sf. sternum; u. wed. ventral 
mediastinum; ids. per. visceral peritoneum. 



Fig. 465. — Ofirdotegtis; Laryiix, 

A, ventral view; dorsal view. aty. 
aiytenoid; cr. cricoid; ep. epiglottis; 
sani. cartilage of Santorini ; th. thyroid 
cartilage; tr. trachea. (From Krause, 
after Schneider.) 
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the lung is roughly conical, with the apex (Urected foiwards. The base, which 
is concave, lies, when the lung w dwtended, in contact with tiieooovcac anterior 
surface of the diaphragm. The outer or co^ surface is convoc m adi^ptation 
to the form of the side-wall of the thorax ; the internal or visceral smiace is 
concave. 

Nervous Sjnrton. The bratn (Figs. 467, 468) of the Rabbit displays the 
same principal parts as that of birds but with many diffeimices in detail. The 




Fic. 467. — Ofyeioi^guM: Brain 
and onuiial naifai. A, dorsal, B, 
ventral, C, lateral view. b. o. ol- 
factory bulb; cb\ median lobe of 
cerebellum (vermis); cb'Materallobe 
of cerebellum ; cr. crura cerebri; ep. 
epiphysis; /. b. parencephala; f.p. 
longitudinal fissure; /i. b. cerebel- 
lum; hp, hypophysis; w. b. mid- 
brain (corpora quadrifj^ina) ; md. 
medulla oblongata; pv, pons Va- 
rolii, the transverse fibres of which 
are here not indicated; i-xii, cranial 
nerves. (After Wiedersheim.) 


surface of the two relatively long and narrow c^bral hemispheres of the 
fore-brain (prosencephalon) present certain depressions or sulci, whidi, though 
few ami indistinct, indicate surface lobes convolutions {jgyri) not dis- 
tinguishable in the case of pigeon or lizard. The cerebral cewtex is arbitrarily 
divided into paired frontal, parietal, temporal, and ocdpiial lobes. Superficially 
Gie honi^heres comprise a neopallium oi gay cortical tissue, several cell- 
layers tidtik, to whidi are carried impulses resultiiig from visual, auditoiyi 
I sictSe , and other forms of peripheral stmautotion. FrmdccuanscxfiMd cortical 
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areas an vi^ataxy motor impulses uiiich an carried via a Inmdie id 

motor axooea, the pyrtumdal tract. Associaition paQiwa}^ otf ocaridenhie 
complajdty Unk the varioas cortical areas, while the heaik^pheres an fuao* 
tionally united via the commissural ^cs <rf the corpus callosum (Figs. 468, 
cl.) and autmer commissure. Very large, dub-shs^d ol/aOory btdl^ Ue helcw 
the anterior extremities of the cenbral hemispheres; behind each, on the ven- 



Fig. 468.— -OfMelolagtui: BflilL Two disiections from above (nat. size). In A the left 
parencephalon is dissected down to the level of the corpus callosum: on the right the lateral 
ventricle is exposed. In B the cerebral hemispheres are dissected to a little below the level of 
the genu of the corpus callosum; only the frontal lobe of the left hemisphere is retained; of 
the right a portion of the temporal lobe also is left; the velum interpositum and pinrad body are 
removed, as' well as the greater part of the body of the fornix, and the whole of the left posterior 
pillar; the cerebellum is removed with the exception of a part of its right lateral lobe. a. eo, 
anterior commissure; a. fo, anterior pillar of fornix; a. pn* anterior peduncles of cerebellum; 
b. fo, body of fornix; superior vermis of cerebdlum; its lateral lobe; c. gn, corpus 
genicuUtum; c. h, cerebral hemisphere; ch, pi. choroid plexus; cp. cl. corpus callosum; ep. s, 
corpus striatum; c. rs. corpus restiforme; a. p. dorsal pyramid; fl. flocculus; kp.m. hippo- 
campus; m. CO. middle commissure; o. l^. anterior, and o. /*. posterior lobes of coi^ra quadri* 
gemina; of/, olfoctory bulb; o. M. optic thalamus; o. Ir. optic tract; p. co. posterior commissure; 
p- fo. posterior pillar of fornix (taenia hippocampi) ; pn. pineal body; pd. peduncle of pineal 
p, pn, posterior peduncles of cerebrum; p. va. fibres of pons varoui forming middle 
peduncles of cerebellum; $p. lu. septum lucidum; si. 1 . stria longitudinalis; 1 . s. taenia semi- 
circularis (narrow band of white matter between corpus striatum and optic thalamus) ; v. vn. 
valve of Vieussens; tP, third ventricle; v*, fourth ventricle, (.\fter T. J. Parker.) 

tral surfm of the hemisphere, is the corresponding olfactory tract leading bade 
to a slight rounded elevation, the tuberadum dfadorium. As m^ioned above, 
the two hmiiqdifflres are omnected by a conmiissnral structure whidh occurs 
only in the Ifammalia. This, the corpus caOosum, mns transversdy above the 
level of the lateral ventrides. Examined in transverse secticui, i.e. in a Itmgi- 
tudinal seetkm id the brain, the empus callosom is seen to bend sli|^tly down* 
^''^^Tds, forming rite gMM. Posterioriy it bends dow nwar ds and forwards, 
torming Oat i^ibdsum, iwhidi passes fmrwards and is nnited with Uie subjacent 
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fornix—^ commissural narrow median strand of longitudinal fibres, which 
bifurcates both anteriorly and posteriorly to form the so-called pillars of the 
fornix — ^anterior and posterior (Fig. 468, p. fo.). Below the corpus callosum, 
between it and the fornix, the thin inner walls of the hemispheres {septum 
luddtim, sp. lu.) enclose a small, laterally compressed cavity, the so-called fifth 
vefUride or pseudocode. This is not a true brain-ventricle, but merely a space 
between the closely-apposed hemispheres. 

The lateral ventricles of the cerebral hemispheres are much more extensively 
developed than in the brain of the pigeon. They are of somewhat complex 
shape. Each consists of a middle portion, or body, roofed over by the corpus 
callosum, a narrow anterior prolongation, or anterior cornu, a posterior cornu 
(which runs backwards and inwards) and a defending cornu. This last passes 
at first almost directly outwards, then downwards, and finally inwards and 
forwards. On the floor of the body of the ventricle, and continued Wong the 
whole extent of the descending cornu, is a prominent ridge of nearly semi- 
circular transverse section — ^the hippocampus {hp. m.). This corres|K>nds in 
position with a groove, the hippocampal sulcus, on the inner surface of the tem- 
poral lobe. Internally the two hippocampi merge in a median commissural 
area — the psalterium or lyra. 

Running along the anterior edge of the hippocampus is a ridge of fibres— 
the tania hippocampi or fimbria — ^which passes down into the descending comu. 
The union of the two taeniae forms a median longitudinal strand, the body of the 
fornix, which, as already explained, lies below the corpus callosum, continuous 
with the splenium of the latter behind, but diverging from it anteriorly by 
dipping down towards the base of the brain. In the angular space between 
the corpus callosum and the fornix below is the septum lucidum. The taenix 
hippocampi are the posterior pillars of the fornix (Fig. 468, p. fo.). The 
anterior pillars {a. fo.) are a padr of vertical bands which paiss from the amterior 
end of the body downwau'ds to the corpus mammillare (see below) at the base of 
the diencephalon. 

Lying immediately in front of the hippocampus is a vaiscular membrane, the 
choroid plexus {ch. pi.) whose blood vessels secrete cerebrospinal fluid. This 
patsses inwards to join its fellow of the opposite side through a transverse 
passage, the foramen of Monro, which opens behind into the diacoele. The 
floor of the amterior comu is formed of am eminence of grey matter— the 
corpus striatum {cp. s.) which is, however, rdatively restricted in mammals. 
The tight and left corpora striata are connected together by a naurrow tnmsverse 
band of white fibres, the anterior commissure (a. co.), situated in front of the 
anterior pillars of the fornix. 

In the diencephad(xi the diacoele (»*), is a laterally compressed cavity, the 
roof of v^ch is fmmed by a delicate vascular membra^, tbc vekm interpostisn 
{d. ip.), in whidr there is a network of blood vess^ {choroid plexus of the 
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liacosle) ooirtmuoiis witii the choimd plexuses of the lateral venteides. Btom 
he posterk»rpart thetoof of the diaooele arise the pedundesof the pineal boify. 
PorminiS lateral pMti(Mrs of the diencephalon are large masses of 
rrey and white matter, the tiudMni {o. ih.). Various parts of these bodies are 
iji communicarion with the cortex and in particular, with the areas c^aceraed 
(vith olfactory, visual, auditory, visceral and other functions. The 
is probably an important centre of integration and activity and has intimafp 
connexions with the xmdeclymghypothalatHtts (see below) an ancient toain-floor 
;tructure concerned with the regulation of fundamental visceral and somatic 
activities. The thalami are connected by a mass of grey matter, the middle or 
%oft commissure {tu. co.) (not represented in lower vertebrates) , which passes across 
the diaccele. A rounded elevation near the anterior end of the external surface 
of each thalamus is the corpus geniculatum (c. gn.). The anterior boundary of 
the diaccele is a thin vertical lamina, the lamina terminalis, of which the septum 
lucidum is a mesial anterior prolongation. Below, the floor of the hypo- 
thalamus is produced downward into a mesial process, the tuber cinereum or 
infundibulum {inf.). Down this tract nms a hypophysial portal system of vessels 
connecting the hypothalamus with the pars distalis or anterior ‘lobe’ of the 
compound pituitary gland (see Fig. 96, p. 150). Anteriorly, on the ventral aspect 
of the brain, is a thick transverse band of nerve-fibres, the united optic tracts, 
from the anterior border of which the optic nerves are given off. Behind the 
tuber cinereum, and formed as a thickening of its posterior wall, is a rounded 
elevation, the corpus mammiUare. 

In the mid-brain {mesencephalon) the dorsal part is remarkable for the fact 
that each optic lobe is divided into two by a transverse furrow, so that two 
pairs of lobes {0.IK, o./*.), the corpora qtiadrigemina, are produced. Between 
the anterior lobes paisses the delicate posterior commissure {p. co.). On the 
ventral region of the mid-brain the crura cerebri are far more prominent than 
in the lower vertebrate groups. In the hind-brain {rhond>encephalon) the 
cerebellum (Fig. 467, cV., cb".) is large and complex. It is concerned with 
neuromuscular co-ordination and equilibrium. It consists of a central lobe or 
: vermis and two lateral lodes, divided by very munerous fissures (or sulci) into a 
[large number of Mwail convolutions (or gyri). Each lateral lobe bears an irre- 
gularly-shaped {nominence, the flocculus. On secticm (Fig. 468, cb.) the cere- 
bellum exhibits a tree-like pattern {arbor vita) from the arrangemoit of its 
white and gr^ matter. On the vmtral aspect of the hind-brain a flat band of 
transverse fibres, the pans VarcUi, cmu^cts together the lateral parts of the 
cerebellum. Tl» coeb^nm is attached to the other parts of the brain by 
three pairs of peduncles: tiie anterior, connecting it with the posterior optic 
lobes, the middle, pnnag on ouch side into the pons Varolii, and the posterior, 
connecting it vrith dorsal portion <rf the medvUa oblongata — a teain- 
stem s^^noit ctmtahringancieiit centres ccmoemed with fundamental metabohc 
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activities such as respiration and heart-beat. Between the anterior pedtmcles 
extends a transverse band, the valve of Vieussens connected by its anterior 
edge with the corpora quadrigemina. Behind this is a short tract of transverse 
fibres, the corpus trapezoidewm, and behind this again is a slightly elevated area 
niffrifing the position of the olivary body. The floor of the fourth ventricle 
presents a median groove which ends posteriorly in a pointed depres^on, the 
calamus scriptorius, leading into the central canal of the spinal cord. 

The Spinal Cord, Cranial, and Spinal Nerves. — ^As in reptiles and birds, there 
are twelve pairs of cranial nerves (p. ix 6 ) associated with specific cerebral 
regions, which, emerging through the several cranial foramina, convey afferent 
and/or efferent fibres to various muscles and sensory organs mainly in the head 
and neck although the Xth (vagus) and Xltlit -(accessorius) nerves ra^ge more 
widely (p. 133)- 

The spinal nerves, too, are on much the same pattern as in redtiles and 
birds. Each spinal nerve is attached to the cord by a sensory dorsal root and 
a motor ventral root. From spinal nerves are given off dorsal anq ventrci 
rami to various tissues and a ramus communicans (‘white’ or visceral'ramus), 
which is myelinated and in most cases communicates with a ganglion of the 
sympathetic nervous S3:stem (see below). 

The spinal cord in mammals is, like the brain, ensheathed in three meningeal 
layers and consists of an outer white and an iimer grey matter pierced by a cenlrd 
canal which, with ciliated lining, continuous with the brain ventricles, contains 
freely circulating cerebrospinal fluid. The grey matter is arranged into paired 
dorsal and ventral columns which in cross-section appear as horns (p. 123). 

Autonomie Nervous System. — This term covers two great functional com- 
ponents of the visceral nervous system — ^the sympathetic and parasympathetic 
— ^which involuntarily control many bodily activities and which are partly 
independent of the central nervous syrstem. When both sub-systems innervate 
a particular organ they usually act antagonistically. Heart-beat, blood pressure 
(to a considerable degree), the activity of smooth (unstriated) musde of numer- 
ous organs, secretion of certain endocrine and exocrine glands and many other 
important activities are partly or wholly under autonomic control. The co- 
ordination and control of the majority of such functions are located in spedai 
centres in hypothalamus, medulla oblongata, and cord. The autonomic 
system can be instantly stimulated to protective. or stabilising reactions by 
environmental stimuli acting through the exteroceptors and the central nervous 
syston, or by proprioceptive stimuli from within the organism. 

The control of effector organs (glands, musdes, etc.) is not via single fibres 
from the central areas of control. Instead, pregangUonic fibres oiterge fro"> ^ 
the central nervous system to effect synapses with otho: distinct nerve ceDs 
tituated in sympathetic ganglia, the (postganf^Hmic) fibres of whk^ transmit 
impulses to the target-organs (Fig. 82, p. 1x9). 
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System (Fig, 82. p, ngV—Prominent chains <rf sympatic 
axtwid fnnn cervical to sacral regions on each side of the vertehral 
column. In the thoracic and lumbar regions these receive usuidly white mydin* 
ated pregati^nic fibres from ventral nerve roots of the nearby cord <* ti]t(»aco- 
lumbar outflow’). In these ganglia the preganglionic fibres may establidi 
synaptic relationship with cells giving rise to grey, unmyelinated post-gtm^iottic 
fibres, or they may traverse the ganglia iminterruptedly to synapse in more 
distant ganglia (e.g. coeliac, mesenteric ganglia). In dther instance the efferent 
impulses are effectively transmitted to the relevant organs. 

The anterior and posterior ends of each sympathetic chain also present 
ganglia, but these are not connected with the spinal cord. like the other 
ganglia they each give off a grey ramus composed of postganglionic fibres which 
supply skin, the smooth muscle of blood vessels and other structures. From 
the large anterior ganglia also arise afferent fibres supplying the eyes, tear« 
glands, nasal mucosa, and salivary glands. 

Sympathetic stimulation causes, among many other effects, increased heart- 
beat, rise in blood pressure, bronchial dilation, peripheral vascular contraction, 
sweat-gland activity, pupillary dilation, arrector pili contraction, salivary 
inhibition, contraction of certain sphincters, splenic contraction (with resultant 
increased volume of circulating blood), increased blood-sugar content — ^in short, 
the animal exhibits s3miptoms of fear or anger and is made ready for fight or 
flight. Increased output of adrenalin, the hormone from the medulla of the 
adrenal gland (p. 152), leads to such effects. ‘Cold sweats , pallor, 'goose 
flesh’ (and the related erection of hair in fear) are some equivalent phenomena 
familiar to timid or suddenly startled persons. Sympathetic fibres are adre$i- 
ergic or sometimes (as in sweat-glands) cholinergic (see below). 

Parasympathetic System (Fig. 82, p. 119). — Preganglionic fibres of the 
broadly antagonistic paras3rmpathetic S3rstem leave the central nervous system 
by two distinct routes — (i) in the vagus (Xth) and other (Illth, Vllth, and 
IXth) cranial nerves and (2) through ventral spinal roots in the sacral region of 
the spinal cord (‘craniosacral outflow’). The ganglia which receive para- 
sympathetic fibres are situated close to, or even within, the organs suj^ied, 
hence thrir post-ganglionic fibres are short. This system is less extensive than 
the sympathetic because it does not extend to the skin or the limbs. 

Parasympathetic stimulation leads to dilation of blood vessels (except the 
intrinsic coronary circulation of the heart), heightened salivary secretion, 
constrictimi of bnmchi, increased peristalsis, sphincter relaxation, and pujMllary 
constriction. In general the above states are relaxative and opposed to those 
induced by sympatiretic stimulation. Parasympathetic fibres are choHnei^c i 
their ax(me tommids secrete acetykhcdine upon the arrival thereat of neural 
impulses. The acetylcholine is then :iuickly destroyed by an enzyme, 
^Itolinesterase. 
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of Speefid SflOM.— The more aense-mgtms, «ye8 139), 

aodio-equililwation (p. 143). rffaction (p. i;^). taste (p. 137), as -wdl as others 
(pp. 135, 137), have been mentkmed dsewhere. 

Urlnogenltal — ^The kidn^s are of somwvhat compressed oval diape, 

with a notdi or hihtm aa the inner side. They are in dose contact with the 
dorsal wall of the abdominal cavity, the right being somewhat in advance of 
the left. Towards the hilum, the tubules of the kidn^ ccmverge to open into 
a wide chamber, the pdvis, which forms the dilatedcoimnencement of the ureter. 
When the kidney is cut across, its substance is seen to be divided into a coitral 
mass or medulla and a poipheral portion or cortex (see p. 154). The ureter 
(Fig. 469, ur.) runs backward to open, not into a doaca, but directly into the 



Fio. 469.— OrffclWlaottA ; 
UdBogMiitol onimu Male; 

-va Right, Female; ixom the left side 
(half nat. size). The kif^eys and 
proximal ends of the urmers, the 
testes, ovaries, Fallopiaii tubes 
and uteri are not shown, an. 
anus; hi. urinary bladder; c. r. 
corpus cavemosum; r. 5. corpus 
spongiosum ; r. gL Cowper's gland ; 
g, cL apex of clitoris ; g, p, apex of 
penis; g/. perineal gland; p.gl'. 
aperture of its duct on the perineal 
space; pr, anterior, pr\ p^terior, 
and lateral loben of prostate; 
ref. rectum; r. gL rectsu gland; 
n, g. a. urinogmital aperture; u.m. 
' uterus mascuUnus; ur. ureter; va. 
vagina; vb. vestibule; u. d. vas 
deferens. (After T. J. Parker.) 


urinary bladder (bl.). The latter is a p3^h»m sac with muscular walls which 
vary in thickness, according as the organ is dilated or contracted. In the male 
the openings of the ureters are situated nearer the postorior narrower end or 
neck than in the female. Adjacent to the anterior end of each kichiQr is a 
compound adrenal {suprarenal) gland. 

In the male rabbit the testes are oval bodies, s^di, thong^ in tbs young 
animal they occur in the body cavity, later pass badewards and downwards 
and come to lie eadi in a seretal sac situated at the side of the urinogenital 
opening. The cavity <A eadi scrotdi sac ia in free communication with the 
cavity of the abdomen by an opening — the ingmned canal. The tedes each 
cemtain long, convoluted semintferous iidndes whidi ddbocate tpammkma and 
between the tubules lies an interstitiom lonned of Ijydig oeSs produce 
teriost»one, the male sex hormone (see p. xsa). The iiqpemis are auoisd by » 
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convoluted tpHidytim, dosdy «H&erent to the testis, which fonns 
part of tlic wtt itfeftHs, The twsn d^fefentia (v. d.) tenninate by H 

urinogenital canel, or ttreOra, into whidi the nedc of tiie urinaiy is 

continued. A prost^ ^and (pr.), which contributes to the bulk of the 
fluid, and whidi is influenced in its secretion by the male sex hormone, sur- 
rounds the conunencemoit of the urethra, the neck of the Uadder, and the 
terminal parts of the vasa defdrentia. A dorsal diverticulum of the urethra, 
the uterus masctdinus (*». m.), lies embedded in the prostate gland close to the 
neck of the bladder. A small pair of ovoid Cowper’s glands {c. gl.), lie just 
behind the prostate dose to the side of the urethra. These, sometimes f-a lled 
the hulho-urethred glands, secrete 


a clear alkaline fluid vdiich may 
neutralise urinary residues and, in 
addition, vaginal addity. 

The terminal part of the 
urethra traverses a cord of vas- 
cular tissue, the corpus spongiosum 
(c. s.), which forms the dorsal por- 
tion of the penis. The grater part 
of the penis is formed of two 
closely approximated firm cords of 
vascular tissue, the corpora caver- 
nosa (c. c.). These are attached 



proximally to the ischia, and 
terminate in a pointed apex (g. p.). 
A loose fold of skin, the prepuce, 
encloses the penis. A pair of 
glands with an odcuous secretion, 
the perinaal glands {p. gl.), open 
on the periiueal space at the base 


Fig. 470. — Otyt^logu*: lotenisl genttsUa of 
female. The anterior end of the vagina, with the 
light uterus. Fallopian tube and ovary (nat. size). 
Part of the ventral wall of the vagina is removed, 
and the proximal end of the left uterus is shown in 
longitudinal section, fl, t. Fallopian tube; fl, f, 
its peritoneal aperture; /. ut. left uterus; L ut\ 
left os uteri; ov, ^ht ovary; r. ut, right uterus; 
r, %a\ right os uteri; s, vaginal septum; va, vagina. 
(After T. J. Parker.) 


of the penis. Two other glands, the rectal glands (r. gl.), lie on either side of the 


rectum. 


In the female the ovones (Fig. 470 ov.) are «nall ovoid bodies attached to 
the dorsal wall of tihe abdenn^ behind the kidneys. These |mxluce female sex 
hormones (oesfrogoHs) and ova. The Graafian fiMides endosing the ova form 
extremely small rounded projections on their outer surface. 

The eggs are died into the abdommal cavity and enter the wide funnd- 
shaped openh^ {{Jl. t\), with fimbriated or fitinged margins) of the paired ovi- 
ducts or Fallopian tubes {fl. t.). Posterioiiy eadr tube passes into a thick^walled 
uterus (r. t^,). The two utmi op^ sqxicauiy into a median tube, the ve^fina 
("<>•)• The vesHbiie (F%. 469 B, vb.), or urimogemhd caned, is a ^de nie^iaa 
into adikSi the vagina and tte tfladder open. On its ventral waifi is a 
vouic. ’ vv 
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small, hard, rod-like body, tiie dUofis (c. e.), with a pointed apex [g. «.)> eorre- 
spending to the penis of the male, and composed of two very short corpora 
cavernosa attached anteriorly to the ischia, and invested internally by a soft, 
grooved corpus spongiosum. The vulva, or external opening of tiie vesttbule, is 
bounded laterally by two prominent folds — ^the labia majora. 

Development. — ^The Rabbit is viviparous. After the minute ovum has 
escaped from its Graafian follicle it passes into the Fallopian tube, where it may 
become fertilised by one of the approximately 70 million spermatozoa {xoduced 





Fig, 471. — Oryctolagun: Plaooatatio&* 
Diagrammatic longitudinal section of em- 
bryo at an advanced stage of pregnancy, a, 
amnion; a. stalk of allantois; al, allantois 
with blood vessels; c. embryo; ds. cavity 
of yolk-sac (umbilical vesicle); ed, endo- 
dermal layer of yolk-sac; ed', inner portion 
of endoderm; ed", outer portion of endo- 
derm lining the compressed cavity of the 
yolk-sac : fd. vascular layer of yolk-sac ; pi, 
placental villi; r. space filled with fluid 
between the amnion, the allantois, and the 
yolk-sac; sh. subzonal membrane; st, 
sinus terminalis. (From Foster and Bal- 
four, after Bischoff.) 


at each ejaculation* (In the ram the 
number varies from 300 to 450 million, 
but there is great reduction after succes- 
sive cop^tions.) j 

The fertilised egg undergoes (cleavage 
to become a morula and reawes the 
uterus. In the endometrium nidation 
takes place and, now a blasUuyst, it 
becomes a faius, or intra-uterine embryo. 
The young animal escapes from the uterus 
in a condition in which all the parts 
have become fully formed, except that 
the eyelids are closed and the hairy 
covering is not yet completed. As many 
as eight or ten young are produced at a 
birth, and the period of gestation, i.e. the 
time elapsing between the fertilisation of 
the ovum and the birth of the young 
animal, is thirty da}^. Fresh broods 
may be bom once a month throughout a 
considerable part of the year, and the 
young rabbit may begin breeding at the 
age of three months. 

Segmentation is of the holoblastic 


type. An amnion and an allantois are developed mudi as in the case of birds 
(p. 646). But the later history of these foetal membranes is widely different in 
the Rabbit owing to the modifications which they, undergo in order to take 
part in the formation of the placerUa. Through the placenta (see p. 904) the 
foetus receives its nourishment from the matemsd circulation. The placenta 


is formed from the serous membrane or chorion in a limited disc?^iaped area, 
in which the distal portion of the allantois coalesces with it (Fig. 471). The 
membrane thus formed develops vascular processes, the chorionic viUi, which 
are received into depressions (the uterine crypts) in the mucous membrane 
ci the utmis. The completed placenta with its villi is supplied wdth blood by 
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the aUantoic vessels. The placenta of the Rabbit is of the type tarmed 
deciduate, the villi of the placenta being intimately united with the utetine 
mucous membrane, and a part of the latter craning away with it at birth in 
the form of a decidua, or after-birth. 


SUB-CLASS PROTOTHERIA (MONOTREMATA) 

INTROOUCTION 

It now appears to be reasonably certain that the Jurassic Triconodonta are 
ancestral to the extant prototherians or that the latter are derived from closely 
related unknown forms. From the early Cretaceous (triconodonts) to the 
Pleistocene (monotremes) nothing is known of the history of the group. 


Order Triconodonta 



Of the known groups of mammals, the Triconodonta are probably the most 
primitive. In the past they have been variously claimed to be monotremes, 
marsupials or to belong to an order with no close relationship to either. They 
are almost certainly prototherians. They 
(e.g. Triconodon, Priacodon (Fig. 472) 

Amphilestes) are found in deposits ranging 
from the Upper Trias to the Lower 
Cretaceous. They were probably carni- 
vorous and ranged in size from a small 
shrew to a cat. The brain was small and 
probably primitive. Like the monotremes, 
but unlike all other mammals (and mam- 
mal-like reptiles), the lateral wall of the 
brain-case anterior to the ear is formed not 
by the alisphenoid but by the extension of 
the petrosal. There were three or four in- 
cisors in each jaw, well-developed canines, 
and up to nine cheek-teeth which cannot be separated into premolars and 
molars. The molar pattern was distinctive, with the three principal cusps 
arranged in an antero-posterior line. 

Recent discoveries in South Wales (Kermack d at) have led to the collection 
of rich material of a triconodont related to Morganucodon. This makes avail- 
able for the first time the almost complete osteological material of a Mesozoic 
mammal. 


Fio. 472.— Sub-class ProtoBieria, 
Order Tfioooodoatt, Family XiioaDO- 
dontida. Prtoeodon. These small crea- 
tures lived in North America during the 
Upper Jurassic and were perhaps the 
most primitive mammals yet known. 
The above restoration is about twice 
natural size, (Redrawn after Simpson.) 


Order Symmetrodonta 

This group (e.g. Spalacotherium, PeraUstes) ranged from the beginning of 
Jurassic to the Middle Cretaceous and is not unquestionably prototheriaa 
(see p. 654). Only jaws and teethjhave been discovered. The molar teeth were 
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triangolax, the base of the triangle being <m the inner (lingual) ^de in ;&e lower 
jaw and on the outer (buccal) side in the upper jaw. The highest ci^ was 
placed at the apex of the triangle, buccally in Ihe lower jaw and linguahy in the 
upper jaw. Cutting crests from the main cusp formed the antoknr and 
posterior edges of the triangle. As the jaws closed, the triangular teeth formed 
an interlocking arrangement suited to the mastication of insects. The lower 
molars may be compared with the trigonids of trituberculo-sectcnial teeth (p. 
865), but there is no trace of a talonid. The lower jaw was without an ai^[ular 
process. 

Order Monotremata 

The Platypus (Fig. 473) and the two echidnas (Fig. 474) are the oidy surviv- 
ing prototherians. Their anatomy leaves no,doubt of their great 
The two families, the Omithorh3mchidae and Tachyglossidae, differ 
each other in external appearance, and in relatively minor anatomical 
but they are bound together as a single order by the common 
several deep-seated characters found in no other mammals. 

Thus, while such essentially mammalian characters as milk-glan^, hair, 
complete diaphragm, four cerebral optic lobes, etc., are all present, certain of 
their features indicate a wide cleft between them and all other mammals. Thus 
the monotremes lay eggs : there is no uterine gestation. The urinogenital 
organs are still not far from the reptilian condition (p. 482) : the erectile penis 
is composed of a corpus spongiosum, a corpus fibrosum, and bears a groove 
transmitting spermatozoa, but not urine. This last enters the cloaca through 
a special urinary canal (Fig. 488, p, 701). In the skeleton the shoulder-girdle not 
only retains well-developed coracoids (reduced to vestiges in other manunals) 
but also an interdavide (Fig. 484). Though milk is produced, the mammary 
glands remain unspecialised, and devoid of nipples. The pouch which carries 
the eggs in the Tachyglossidse is temporary. 

The vertebrae are without epiphyses except in the tail region of Ornithorhyn- 
chus. The mode of exit of the spinal nerves — ^in the mid^e of the vertebra, 
instead of between adjacent vertebrae — is peculiar. The cervical vertebra 
bear free ribs. The limbs are specialised for rapid swimming or digging. 

The skull, though very different in shape in the two families, is in each con- 
stituted on the same general plan. The chondrocranium is typically mam- 
malian, but differs in some respects from that of other mammals, e.g. in the 
absence of an alisphenoid bone and in the presence of a bone additional to the 
usual mammalian pterygoid (known as the ‘Echidna pterygoid’) whidi homo- 
logises with the reptilian ectopterygoid. 

The above brief osteological and ph3^iological details make it seem that, 
although pre-Pleistocoie monotreme fossils are still unknowh, these and the 
triconodonts are extremdy archaic mammaU that have diverged fimn the 
main stock (if they do not represent a separate stan siltogiethra) perhaps even 
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the extant monotremes have become hi^ily specialised in many of their featnrtti 
their possession of such typically mammalian characters as milk«glands {prob- 
ably derived from sweat-glands as in other mammals), hair (but c^y imperfect 
thermor^ulation), and a laiige brain with a weIl*developed pallium (and 
convolutions in echidnas) carries the suggestion that such characters aiei 



Fig. 473. — Sub«class Pfototlieiis, Order Monotieiliata, Family OmitholliyilohiilaB. Ortitf^a- 
rhynehufi* The Platypus (O. anatinus) is one of the three species of living monotremes that are 
today confined to Australia and New Guinea. The Platypus lives in secluded fresh -water streams of 
Eastern Australia and Tasmania. Each pair digs two twisting burrows, each of which has two 
entrances (above the water-line) and may be from 20 to 50 feet long. Within one is built an 
incubating nest made of grass and leaves. While submerged the animal swims blind (see text 
and Fig. 473). (From photographs.) 


primitive features of early mammals (see Figs. 643, 644, p. 886) . Their presence 
in the monotremes leads particularly to speculation concerning the possible 
degree to which S3mapsid reptiles may have pn^essed towards lactaticm and 
homoeothenny, and to speculation, moreover, that the mmiotremes represrat 
Ml indepondent ‘warm-blooded’ line, derived from Triassic cynodonts (p. 517). 
It has also been, snggested by Gregory that the monotremes are derived from 
archaic marsiqiial or pre-marsupial stock and that their peculiarities therefore, 
^ essentially due to degmeration, neoteny, and specialisation, plus the 
retention certain marsupialian characters. 
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The traditional, and probably correct view is that they derive from an 
early stock on the principal mammalian line of descent. 

Today the Monotremata are confined to Australia and directly adjacent 
New Guinea. The Platypus^ {Ornithorhynchus anaUnus) (Fig. 473), the sole 
species of the genus and family, ranges widely from tropical Queensland along 
the east Australian seaboard to Tasmania where it lives in the pools of secluded 



Fic. 474. — Sub-class Frototberia, Order Honotiemata, Family TachyglonideB. Tachyghtm»ua. 
Spiny Antea.ter (T. acttleatus). When the echidna is threatened its spatulate claws (Fig. 483) 
enable It to sink vertically and rapidly out of sight with a minimum of disturbance to the surround- 
ing soil. A defensive echidna presents an unassailable bilateral barrier of spines that wholly 
conceals rostrum (Fig. 482) and legs. The short (half an inch long) tail is protected by a terminal 
tuft of spines. Even in rocky country, where burrowing is impeded, the claws and lateral spines 
the earth and make dislodgement almost impossible. T. aculeahis has a wide continental 
range: the illustration is from a photograph taken on a parched Queensland plain. Zaglossus 
( ss Proechidna) is confined to New Guinea. 


streams and rivers. Both it and Tachyglassus have been reported to undeigo 
a limited hibernation (p. 883). In monotremes heat regulation is imperfect 
though of course far advanced over that of living reptiles. The temperature 
of Tachyglossus falls to 25° C. under an external temperature of 5® C., a condi- 

* Outside Australia the loth-century terms 'ZTMcA-billed Hatypus’ or even 'Duckbill’ 
an oma used. Such names are undesirable. The musrlc o£ the Platypus bears cmly the roost 
suMincial conwgent resemblance to the bill of a duck, and the avian appellation lends currency 
to the popular belief that the animal is a sort of non-missing link between birds and mammals. 
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tion frequently experienced in some parts of its range. In the abs^ice of sweat* 
glands, panting mechanism (p. 70®) or heat-redaction by vasodilation, tiie 
temperature of Tachyglossus rises with that of the environment above 30** C. : 
the animal dies of heat-stroke at about 37° C. if unable to cool itself by burrow- 
ing. The platypus has few sweat-glands but it lives mostly in the water or in 
a cool burrow and does not encounter the heat-hazards faced by spiny anteaters. 



Fig. 475. — Ornithorhynchua : 
Cephalic itroctnxes. Like Tachyglossus 
(Fig. 482) the Platypus lacks vibrissae 
but its delicate flattened muzzle con- 
tains minute sensory pores. The 
muzzle extends backwards protectively 
over the face. The deeply set eyes and 
ears open into a facial furrow that is 
closed during submersion (Fig. 473); 
the animal hunts essentially by smell 
and touch. (Redrawn after Wood 
Jones.) 



chmmk powcfies 


Fig. 476. — Ornithorhynchua: Bnooal ap- 
paratus. The lower jaw has been exposed by 
cutting through the cheeks. Three pairs of 
teeth are fused together into a calcifiim mass. 
They have been largely replaced by homy 
material but in some specimens calcification re- 
mains evident. The cheek-pouches hold food 
gathered under water. The whole beak is a 
sense organ, for the animal swims with its eyes 
and ears enclosed in pouches (Fig. 475)* (re- 
drawn after Wood Jones.) 


The body of Omithorkynchus is flattened and covered with a dense, soft 
under-fur protected by harsher outer fur. The upper jaw is produced into a 
depressed beak-like muzzle covered with soft, but tough skin (Fig. 475). In 
life the muzzle is moist and flexible and quite unlike the dry homy bill of a 
l>ird. The organ is pitted with tactile organs and bears also the nostrils. 
Nostrils and eyes face upwards. While feeding below the surface, both Uxe 
small eyes and the ears (which lack pinnae) are enclosed within a curious badc- 
ward-directed facial-furrow. The inno: ear remains fuimitive. The Platjrpus 
appears to find its way, and its prey, chiefly by olfaction and touch. Animal 
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food, along with mud and sand, is sieved into the buccal caWty between serra- 
tions in the lower lips — an interesting conveiil^ce with the beaks oi certain 
ducks and other animals. The sand a^ts in mastication, and the animal 
possesses storage cheek-pouches (Fig. 476). 

The forelegs are short but powerful. The five digits end in strong daws 
which are set in a web which joins them together and then projects below and 
beyond the nails. This flap can be folded back so that the limb can be used 
for walking, di^ng, or swimming. The hind limb is less specialised. The 
proximal end of the fibula is prolonged in a manner analogous to the olecranon 
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F^g. 477. — OmUhorhf/uehua: Ibnu sad PM: Left: Left hand, from dorsal surface. The 
swim-webbing is carried beyond the extremities of the nails in a series of leathery extensions 
prolonging the line of the digits. The whole can be folded back to expose the tips of the burrowing 
(and defensive) claws. Right: Right foot, from dorsal surface. Beneath the first digit is a curious 
prolongation of the web membrane. This has nothing to do with the poison spur which is on the 
ankle (Fig. 478). (Redrawn after Wood Jones.) 


process of the ulna, and in the male a hollow tarsal spur is connected with a 
small crural gland, the secretion of which is poisonous. In Omithorhynchus 
this gland is well-developed; although not dangerous to Man its protein, 
induing albuminous, secretion, can kill an experimfintal rabbit in 90 seconds. 
In Tachyghssus the apparatus is less developed (Figs. 478, 483). The tail is 
dongated, depressed, and is a powerful swimmii^-OTgan (Fig. 473). 

Although the Plat3rpus undergoes a courtdiip performance, and copulates 
in the water, it is in fact mudi less aquatic tl^ is generally suppos^. It 
q>ends most of its life in its burrow, and rdativdy few hours, gmierally in early 
monfing and near dusk, in search of aquatic food. It spends conddetable time 
pe^ocming its toifet beneath ovethar^g roots and lodks at the water's edge. 
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Xwo burrofws are xnade and each has its concealed entrance above th e water. 

One is inhabited hy the pair ; the otiier, between 

15 and 60 feet long, is the fanale's nesting cham- t/ Stans 

]}er. This the brooding female blocks at intervals 

with barriers of earth moulded by the flat tail. 

The nest is made of grass, leaves or reeds and Mr " •.?' w// 

during the approximately 14 days’ incubation of 
the two eggs, which teirf to stick together (Fig. 

479), the female does not leave the nesting Mfll 
chamber. When the burrow is broached, she Wli 
makes no attempt to defend her young. The ||I| 
female is devoid of nipples — ^the milk exudes w 
through relatively simple ducts and is licked up 
by the young (Fig. 480). Unlike Tachyglossus, 
the Platypus has a distinct voice — ^both growlings ^ 

and whistling notes have been described from 

The teeth are remarkable (Figs. 476, 481). 

In the embryo calcified teeth arise in each half of 

the upper and lower jaws. They are very brittle, ^ ^ 

clearly degenerate, and are soon shed and replaced I | 

by underl}dng homy plates, in depressions of A \ 

which the teeth were originally set. The teeth I 1 \ !l 1 I 

show some rather irregular tubercles arranged in a ' 1 I i I < 

pattern that gave rise to a view that the Proto- fio. 478.— on««aorftyMeitaM; 

theriaaredescendedfrom, 

if \ or distantly related to, the the donai aspect of the fmur. 

£ ® \ •, .... • , . . Present only in the male, it dis- 

I m I Multltuberculata. This charges through a duct which is 

% J view cannot be upheld on «lilatrfintoareservohat thel^ 

.j ^ sharp, movable, fang-hke 

WniP^ such evidence. spur (| inch long) on the inner side 

formula is 

natural siae. They are fre- peculiar (Fig. 481). There Uter di8an>e« except for a mere 

quently superficiaUy con- iJ ' depre^n. (Redrawn after Wood 

joined, and are of slightly nppcar tO be no upper Jones.) 

j^riabio siae. 1^. ^e- indsots formed, but there 
times thi^s ^ure laid. They 

are dirty white in colour are five in the lower jaw. A canine is present in both 
^u^can*^^efflt^^ jaws. The lower canine is followed by a problematic 
^>se of Buay reptiles, caldficatkm whkdi it is sui^ested is a second canine. 

The rest the setks consists of two jnremolars, of udndi 
^terv^iJd^nes the anterior is r^laced, and three molars in both jaws. 

These teeth are not presort together at any (me time 
and most (rf fh<«n are wm-ftinctional and abort as mere cahaficatioins. At ii 
weeks (fld there remma only two teeth in the t^fxsr, ahd three in the lowers jaw. 


t'i'f 


Fig. 479. — OmlMioo 
rhffnehua: Bigs. About 
natural sise. They are fre- 
quently superfici^y con- 
joined, and are of slightly 
variable siae. Two, some- 
times three, are laid. They 
are dirty white in colour 
and the laxgdy keratinous 
shell can be dented like 
^ose of ntany leptfles. 
fhs egg^U is about 6 mm. 
in diameter: som^o times 
Its size in Man. (Redrawn 
after Wood Jones.) 


Fig, 478. — OmUhorhynehwt: 
Poiaon apparatus. The femoral or 
crural gland lies in deep fascia on 
the dorsal aspect of the femur. 
Present only in the male, it dis- 
charges through a duct which is 
dilated into a reservoir at the base 
of the sharp, movable, fang-like 
spur (I inch long) on the inner side 
of the ankle. A rudimentary spur 
occurs in the young female but it 
later disappears except for a mere 
depression. (Redrawn after Wood 
Jones.) 


A canine is present in both 
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All known fossils are Pleistocene in age and have been found only in Australia. 
The Platypus survived because of its highly secretive and specialised breeding- 
and feeding-habits, and because it possesses few natural enemies apart from 
pythons and goannas (Varanus). It was still plentiful when Europeans arrived 

but rapidly became scarce because 



of the warmth and beauty of its fur. 
It is now rigidly protected and, al- 
though rare, can be seen in secluded 
streams a short distance from popu- 
lous cities. 

The spiny ant-eaters (Tachy- 
glossidse = Echidnidse) (Figs. 474, 
482) are represented by tw4 closely 
allied genera Zaglossus (= I^oechid- 
na), of New Guinea, and Tach^lossus 
(— Echidna), which ranges from 
New Guinea to Tasmania. These 
animals are land-living, insect-eat- 
ing burrow'ers of astonishing ability 
although they do not make tunnels. 
The body is covered above with 
strong pointed spines, between which 
are coarse hairs. The lower surface 
of the body has hair only. The weak 
jaws are produced into a sensitive 
pointed rostrum. The long, sticky 
tongue is thrust through a buccal 
aperture on the ventral surface, and 


Fig. 4So.—€hmMorltifHehm»: Msiumaiy 
tfsadltdOMStSaAtsiL The mammary glands are 
extremdy simple: the young lick the milk from 
shallow longitudinal depressions. The cloaca, into 
which discharge the rectum and the nrinogenital 
sinus (Fig. 487), recalls the reptilian condition 
(Fig. 488A). The body wall is reflected to show 
the tnuseulug subcutaneus abdominis, mammary 
g^and, nmsculus pyramidalis smd os marsupinm 
(marsupial bone). (Redrawn after various 
auUiors.) 


near the termination, of the muzzle 
and to this insects — ^mostly ants— 
adhere together with dirt which helps 
in mastication. Teeth are absent 
in all stages of development. The 
posterior aspect of the tongue is beset 
with hor^ serratimis which grind 
the food against corresponding ridges 


<m the palate. Large submaxillary, parotid and sublingual glands are present, 
the secretions of which no doubt hdp neutralise formic acid discharged by 
Uiteir iwey. 

The nasal passages open on the dorsal surface of the rostrum. It would 


seem that along with its tactile muzzle, the animal is largely dependent on 
c^adion ; its repeated inspiratory ‘ sniffs' are a notioeaMe feature and variants 
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of these, in tiw apparent absence of a true voice, may be used in ootnmiUBcatiion. 
Like Ormtkorkynchus, the eyes are smaU and the ears without a pinna. The 
tail is vestigial. The limbs are ^ort and the feet provided with strong spade- 
like daws (Fig. 483). With these the spiny ant-eatns are able to burrow rapidly 


Cftfiino PifftfnpUirft Mojars 



Fig. 481. — OntifhOThynehuM s D6lltitiOB« The absence of upper incisors and the presence of 
an upper and lower replacing tooth should be noticed, a-— ^ lower incisors; /. lower canine; 
> second canine; tio;. premolars; dv. replacing tooth ; y. molars. (After Green.) 

in a vertical direction, presenting to the attacker only its formidable armoury 
of stiff, sharp spines (Fig. 474 )* Once it begins to sink into the earth it is almost 
impossible to dislodge it alive. The second pedal digit is equipped with an 
elongated toilet-claw — ^an adaptation to the cleansing of its body — ^hair and 
armoury (Fig. 483). 


Fig. 482.— TaeAgrvlosMM ; 
Cephalic rt m e t nm . The 
small ventral buccal aperture 
is just big enough for the 
protrusion of the sticky 
tongue to which insects ad« 
here. The face is covered 
with bristle-like hair mixed 
with finer structures. Some- 
times there is developed the 
suggestion of a pinna. The 
nostrils are dorsal. Nearly f 
natural size. (Redrawn after 
Wood Jones.) 


Oviposition in the spiny ant-eaters has not been observed. However, the 
female is able to curve her body sufficiently to lay the single egg directly into a 
ventral pouch {incubaioritm) which develops during the sexual season. Here 
**^6 egg hatches. The baby is fed by milk (from ducts which open into the 
pouch) until its spines become troublesome to the mother. It is then about 
10 cm. liMig. This habit of carrying the egg, and carrying and feedii^ the 
young mie in the pouch, together with the remarkable protection afforded by 
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spines and special bunowing habit, has been a {nindpal factoo* in the «dmal’s 
survival. Today it is rigidly protected in Australia and is trot raze in appro- 
priate and very extensive habitats. As with the Platypus, fossils are known 
only from the Australian Pleistocene. 

Skeleton of Protothwfa. — ^In the Prototheria (Fig. 484) the epiphyses of 
the vertebrae are not well developed in Omithorhyncims, bang represented 
only in the caudal region, and they appear to be absent in Tacf^glossus. In 
both genera there is the normal number of vertebrae in the cervical region. 
The odontoid process long remains separate hom the centrum of tiie axis. 
The cervical transverse processes axe separately ossified, and only completely 
unite with the vertebrae at a late period, sutures being traceable in all but very 
old animals. Zygapophyses are absent in the cervical r^on. Tl|ere are 
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Fig. 483. — Taehffgh&saum^^ Maniu 
and pet. Left: Left hand (of female) 
showing the spatnlate claws adapted 
for rapid digging (Fig. 474). Right: 
Right foot (of male). The second 
pedal digit in both sexes becomes a 
curved elongated toilet-claw which 
enables the animals to scratch deep 
through hair and spines. The arrow 
indicates the poison spur which is 
lower down the leg than in the male 
Platypus (Fig. 478). It is relatively 
small and supplied by a pea-sized 
gland. (Partly after Wood Jones.) 


nineteen thoraco-lumbax vertebra in both genera. The transverse processes 
are short, and the ribs do not articulate with them, but only with the sides of 
the vertebral bodies. In the sacrum of Tachyglossus there are three or four, 
in that of Ornithorkynchus two, united vertebrae. The caudal r^on differs 
considerably in its development in the two genera. In Tachyglossus the tail 
is very short, the vertebrae depressed, with no inferior spines, but with about 
five subvertebral bones, which differ frwn ordinary chevrtwi bones in being mere 
flat nodules. In Ornithorkynchus the tail is long, and the number of caudal 
vertebrae is twenty or twenty-one. Eaudi has a distinct inferior r^Mnous pro- 
cess {infr. proc.). The sternum consists of a prestemum and three keeled 
stemebrae : in Tachyglossus but not in OmUhoriynckus tibere is a xqjhistanuin. 
The most remarkable feature of the sternad apjuiratus in the Prototheria is 
the presence of a T-shaped interclavicle {cpist.) oorre^xmdmg t<? that of 
rutiles. The sternal ribs axe ossified, and axe oonimcted with the vertebral 
ribs by imperfectly ossified intermediate ribs (tnf. r6$.). 
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findcMMttaau Male in ventral 
view. The tifjkt lofe-limb has 
been separated, and turned 
round so as to bring into view 
the dorsal surface of the nkanus ; 
the lower jaw is removed, acc. 
tars, accessory tarsal bone sup- 
porting the sjmr; amt. pal, far, 
anterior palatine foramen; aU, 
atlas: ori. astragalus; cur. axis; 
hs. oc. basi-occipital: bs, sph. 
basisphcnoid; caic. cakaneum ; 
cbd. cuboid; eerv, rb, cervical 
nb; clav, clavicle; cond. for, 
foramen above inner condyle 
of humerus; cor. coracoid; cun, 
cuneiform of carpus ; dent, posi- 
tion of homy teeth; ect. cun, 
cctO'Cuneiform; ent, cun, ento- 
cuneiform ; ep, cor, epicora- 
coid; epist, interclavicle; ep, 
f>lK epipubis; fb, fibula; fern, 
femur; for, mag, foramen mag- 
num; glen, glenoid cavity of 
shoulder- joint and glenoid 
cavity for mandible; hum, 
humerus; in. cond, inner con- 
dyle of humerus; inf. orb. for, 
points to position of infra- 
orbital foramen; infr, proc. 
inferior processes of caudal 
vertebra: ; int. rbs. intermediate 
ribs; ischium; mug. mag- 
num of carpus; max, maxilla; 
max. for. maxillary foramen; 
metat. I, first metatarsal; 
metat. V, fifth metatarsal; nos, 
cart, nasal cartilage; bbt. ob- 
turator foramen ; ol. olecranon ; 
out. cond. outer condyle of 
humerus; pal. palatine; pat. 
])atella; post, pau.for. posterior 
palatine foramen; pr. max. pre- 
maxilla; pr. st. prestemum; 
pter. pteprgoid; pub. pubis; 
I'ad. radius; sce^. scapula; 
^caph. scaphoid of tarsus; 
scaph. lun. scapho-lunar; ses. 
sesamoid bones of wrist apd 
ankle; sp, tarsal homy spur; 

squamosal; tib, tibia; trd, 
trapezoid; trm. traperium; 
fym. c. tympanic cavity; uln. 
Ulna; unc. unciform; vom. 
lomer: x. dumb-befi shaped 
7 zygomatic arch; 

digits of maniw. 



The shM of the monotremes differs widely from that of other mammals. 
The bones early become fused together, so that it is difficult to trace their exact 
oundaries. The brain-cese is larger and much more rounded in Tachyglossus 
|han in Omtihorhyibckus, in accordance with the larger size of the brain in the 
^rmer genus. In both genera there is a pterygoid (investing) bone not separ- 



ZOOLOGY 


tmdJmt- 


ately represented in higher mammals, corresponding to lite pterygdki of lower 
vertebrates. The parasphenoid represents the lateral parts of the parasphenoid 
of lower vertebrates and the inner lamella of the pterygoid process (usually 
regarded as the pterygoid) of higher mammals. Perforating the posterior root 
of the zygomatic arch is a temporal canal which is comparatively wide in the 

full-grown Ornithorhynchus and 

f narrow in Tachyglossus, This 

structure is absent in higher mam- 
A-eond apparently represents 

^ the post-temporal fossa of reptiles. 

Tachyglossus (Fig. 485) the 
Ifj ^ squamosal extends farther for- 
kj wards and the posteriori root of 

jjjg zygomatic arch is n\ore an- 
I'l terior than in mammds in |eneral. 

if The zygoma is very taarrd^, and 

J there is no rudiment of postbrbital 

I processes : the jugal is absent as a 

I separate ossification. The alve- 

olar border of the maxilla {max) 
is narrow and devoid of teeth. 
The nasal and premaxillary region 
of the skull is drawn out into a 
long, narrow rostrum. Near the 
anterior end of this is a rounded 
opening, the external nasal open- 
ing, which is entirely bounded by 
the premaxillse — ^the nasals not 
extending so far forwards. An 
aperture in the nasal septum corre- 
„ „ _ . ^ , sponds to an actual perforation by 

with riaht ramus o^andible. ane. ansle of mand- which the nasal cavities are in 


Fig, 485, — Toefcj 


ihygloa»% 
of mandit 


Ventral view, 


communication m the 

cond. occipital condyle; pal. palatine; p.max. pre- animal. The pteiygoids (pt.) are 
««iiia; pterygoid: squamosal; iy. tympanic ^ the -form of flat plates Con- 
tinuous with the bony palate; 
they extend back so as to form a part of the walls of the tympanic cavities. 
The t3mipanic (ty.) is an imperfect ring which does not become united with the 
periotic. The mandible consists of very narrow styliform rami, loosely imited 
at the symphysis. The condyle {cond.) is narrow, rather more elongated 
antero-posteriorly than transversely. There are very dight rudiments of the 
angle and of the coronoid process {cor.}. 
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In OmiO^hynchus (Fig. 484) the zygoma is stouter than in Tackf^ossus, 
and there is a postorbital process, formed by the jugal. The maxillaiy 
root of the zj^oma develops a process which supports the homy tooth (ditnt.) 
of the upper jaw. The nasal and premaxillary are expanded into a rostrum 
which is much broader than in Tachyglossus. The premaxillse (pr. ttutx,) 
diverge from one another anteriorly, and then curve inwards again, partly 
enclosing a large ^ce in which the nostrils are situated, and which is covered 
over in the recent state by the tough but sensitive hairless integument investing 
the cartilage of the rostrum, the latter being continuous with the nasal septum. 
In this space between the premaxillae is situated a dumb-bell shaped bone (x.) 
which arises from palatal processes of the premaxilla. The pterygoid (pfer.) 
is much smaller than in Tachyglossus, and does not extend as far back as the 
tympanic cavity. The mandible has its rami stouter than 
in Tachyglossus-, they meet for a short distance an- 
teriorly, and then again diverge slightly. The condyle 
is much larger than in Tachyglossus, and is transversely 
elongate. In front of it is a broad process bearing the 
homy tooth. 

In the shoulder-girdle occur perhaps the most striking 
peculiarities of the prototherian skeleton. There is a 
T-shaped interclavicle (epist.), as already stated, similar 
to that of reptiles, the median limb articulating behind 
with the presteraum and the cross-piece closely applied 
to the clavicles. There are two short and broad coracoids 
{cor.) (Fig. 484, p. 697). These articulate internally and 
behind with the prestemum, and, externally, unite with 
the scapula to form the glenoid cavity. In front of the 
coracoid is a fiat plate, the epicoracoid (ep. cor.). The 
scapula (Fig. 486) is unlike that of other mammals. It 
has a well-developed acromion process (acr.) with which the davide articulates 
and which terminates the anterior border, so that the latter would appear to 
correspond to the scapular spine of other mammals, an interpretation con- 
firmed by the arrang em ent of the scapular musdes. The anterior part of the 
inner surface is in reality the pre-spinous fossa, the anterior portion of the 
outer surface is the post-spinous fossa and the part behind this, separated from 
it by a slight ridge, together with the posterior portion of the inner surface, 
is the sub-scapular fossa. 

The hiunerus is of remarkable shape, with greatly expanded extremities 
(especially in Tachyglossm) and prominent tuberosities and condyles. In the 
*^^us the scaphoid a«d lunar are united ; there is no separate centrale. There 

a radial and two very large palmar sesamoids, whidi are sometimes united. 

The pdvis {uresents a very long symphysis in which pubes and &dua take 





Fio. 486.— OrnilAor- 
hynehu* t Scapula. 

Outer surface of left 
element, acr. process 
conespondinK to acro> 
mion; glen, glenoid arti- 
cular surface; sp. anter- 
ior bonier, correspond- 
ing to the spine; x, 
slight ridge which 
bounds the surface of 
origin of the sub-scapul. 
aris muscle anteriorly. 
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an almost equal share. The acetabulum is perforated in Tad^^^ossm. With 

the anterkn: hcnda' of tiie pubes 

f are artkulated a pair of large 

epipubic or 'marsupial' b<nies (Fig. 
484. ep. ph.). The femur has ex- 
panded extremities with prmninent 
external and internal trochanters. 
There is a large ossified patella 
{pat.). The fibula {fb.) has at its 
proximal end a remaiicable com- 
pressed process whidi ossifies from 
a 'separate centre, and r^hembles 
the olecranon of the ulna. I In the 
tarsus there are the usuai^bones. 
In OmiihorhynchMS the astragalus 
and calcaneum are firmly iinited, 
and an accessory ossification {acc. 
tars.) on the inner side in the male 
bears the tarsal spur. The meta- 
tarsals are short and broad, as are 
all the phalanges except the last. 

Viseeral Anatomy.— The stom- 
ach of monotremes is almost 
globular. Small and large intes- 
tines are differentiated and there 
occurs a caecum of modest size. 
The lauge intestine enters the cloaca 
some distance posterior to the 
ureters and vasa deferentia (p. 488). 
The liver is large and prominent 
and there is a gall-bladder. The 
bile-duct (in ediidnas) traverses 
the pancreas (lying in the loop of 
_ „ ^ . the small intestine), where it is 

■fatani. The echidna ha* been opened hrom the jomed by a SnlOrt pancreatlC dUCi. 

ventnd surface. The Madder has been sectioned There is a. eanaeioiis soleen. The 

and the parts reflected to demonstrate its reUtkm- ^ CaP*®*®”* spieen. * 

ships. A bristle (A) shows the connexion between Imig s of the echidnas have been 

into the cloaca. (Blodified after Wood pnikm tO total body sise. The 

heart of monotiemes is peculiar in 

that the tricu^d guards the left autkalo>vent]ioaiar apertine (cf. p- 
The Iddn^ are large, and the ureters do not amglty directly bladder 


blmdd^r 

(hmlvd) 

" urlnog%nlt9l 
sinus 


• cloaca 
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but open into the urettura through a common aperture surmounted by a 
(Fig* 487)* urine flows through a short imnofy canal into the buge urino« 
genital sinus z it does not, therefore, traverse the penis which carries only 
spermatozoa (Fig, 488). The glans is divided into four lobes and lies on the 
floor of the doaca. The testes lie in depressions in the body wall. The urino- 
genital arrangements in female monotremes are shown in Fig. 487, To some 
extent the adrenal arrangement recalls that of the Reptilia: there is some 


& 



Fig. 488.*-BeptiliaB tad mono- 
treme affinltiii: Halo nrinogwiitil 
system. The cloaca! and penial 
arrangements of a chelonian (A) and 
monotremc (B, C) compared. The 
basic plan is the same, but in the 
monotremes spermatozoa from the 
vas deferens (vas, d.) are discharged 
t brough the urinogenital canal {H.g.c.) 
(see Fig. 487, A') into a sperm^duct 
that traverses the penis. The urine, 
on the other hand, flows from the 
ureter (tir.) through the urinary 
canal (u. c.) and is discharged from 
the cloaca as in reptiles and birds. 
In B. the penis is erect; in C. with- 
drawn. For remarks on the corpus 
hbrosum (c. fibr,) and corpus spon- 
giosum (c. sp&ng.) see p. 890. 
(Modified after Ible.) 


A 

c. fikr. 


c. sporig. 




intemiingling of cortical and medullary tissues. There is however, ui un- 
mistakable aggr^tion of the two tissues towards the definite cortical and 
medullary zones that have become stabilised in the Metatheria and Eutheria. 


SUB-CLASS ALLOTHERIA 
IIITRODUCTH)N 

Under this sob-dass is provisionally included the order Multituberculata, 
'''hich ranged from Hie jmasde until the Eocme (p. 3). 

Order Multituberculata 

The affinities of Hie mulHtubeicalates {t,%. CUtmoion, ^logitadax) have 

i^en debated aimost irtan Hie time of Hieir initbl description. At d^oent 
VOL. n. XX 
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timpg it has been held that they vrere ancestral to monotremes, or marsupials, 
or eutherians. It has also been suggested that they ccmstituted an archaic, 

yet independent, branch of mam- 



malian evolution; and this is the 
generally accepted view to-day. 
They were more highly specialised 
— ^and successful — ^than the tricono- 
donts and flourished over the long 
period between Upper Jurassic and 
the E^ene. They existed, in fact, 
for as long a period as has been 
proved for any other knov|^ mam- 
malian group — for rather rd|)re than 
70 million years. They ijteem to 
have occupied an ecological j^sition 
not unlike that of some extant 
rodents and to have been essentially 
vegetarian. Of unknown ancestry. 



they flourished in the late Creta- 
ceous and were still common in the 
Tertiary and Palaeocene, when 
occurred Taniolabis (Fig. 489) 
with a heavy skull some six inches 


long. 

The most noticeable character, 
and the one from which the name of 
the sub-class is taken, is the struc- 
ture of the molar teeth. These have 
from two to three longitudinal rows 
^ of tubercles with from two to five 
(or more) cusps in each row. There 
were only one lower, and three 
upper, incisors, the central one 
being much enlarged. Canines 

were absent. In many forms the 

. 0 ^ c u -1 w ui anterior lower cheek-teeth w’ere 

KG. 489.— Sub-class Allonwna, Order Kntti- . . , , • 

tatamlata. Family TSadolaliUUee. Toenfoiobfa. much enlarged and specrauseui 
Lateral and palalal view of skull. The lower and . „ anaimrAna to that 

upper (the lower of the two figures) molars. ® ^ maimer analogous t 

Lower Palaeocene of North America. (After pf some living marsupials, f-S' 
** the rat-kai^(aroo, Bettongia. The 

zygomatic arch arose far forward at the level of the anterior cheek-teeth, 
and extended back almost to the occiput. The lower jaw was stout, but 
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^thout angidar prooss, a duuacter shaued with Hie Tricmodoiita and 

Synunetrodoota. 

SUB-CLASS THERIA 

nmoDucnoR 

These constitute the 'modem' mammals. The group has been split into 
three infra-classes, viz. i. the probably ancestral Jurassic Pantotheiia (= Tri- 
tuberculata), including orders Dryolestoidea and Docodonta; 2. the mar- 
supial Metatheria, and 3« the placental Eutheria, the most highly organised 
and advanced mammals; see, however, footnote on p. 654. 


Infra-class Pantotheria (Trituberculata) 

This is an artificial assemblage of Mesozoic forms which are very imper- 
fectly known and of uncertain affinities. They are of considerable interest, 
being possibly allied to the as yet unknown ancestors of the living non-mono- 
treme mammals. All the Pantotheria were small; in the largest the jaw was 
only 4 cm. long. Their teeth are differentiated into incisors, canine, premolars 
and molars, but the number of molars is often as many as eight. Two orders 
may be distinguished. 

Order Dryolestoidea 



This group is known only from the Middle and Upper Jurassic. Amphi- 
therium (Fig. 490) is the only known Middle Jurassic genus. Several genera 
occurred in the Upper Jurassic, e.g. 

Amblotherium, Mehmodon, and 
Paurodon, but apart from the jaws 
and teeth hardly anything is known 
of their structure. The lower molar 
teeth consisted of an anterior tri- 
angle of cusps, the trigonid, and a 
posterior heel or talonid, which bit 
against the inner apex of the tri- 
angular upper molar. In the upper 
molar the highest cusp was internal 

(as in the symmetrodonts) but there was also a large cusp on the buccal side, 
and some adriirio nal cusps. The trigonids of the lower molars bit 

between the triangular upper molars, and the diet was probaWy insectivorous. 
The contour of the lower jaw was not unlike that of a primitive ‘insectivores’, 
having a high coronoid and a well-marked angular process. 


Flc. 490.— Sub'^lass Theiia, Infn.class Puto- 
Order DnrolMtoidw. Family Amphitti- 
Oiida. Amelii(A«Hiim. Middle Junuaic of 
Europe. Inside lower jaw (over twice natural 
size). (Restoration after Simpson.) 


Order Docodonta 

Usually united with the Drydestmdea in an order Pantotheria, this small 
group (e.g. Docoion) from the Uj^ier Jurassic differs frmn them markedly in 
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t hf> structure of the teeth and diould be placed m a s^arale order. 

The molars do not have the fcMin of interlocking triangles, though in the upper 
jaw they have three roots. Tl^ highest cusp of tiie uppor mdar is buccal in 
position, not lingual as in the Dryolestoidea; there is an inner aisp which 
however appears not to be homologous witii that of Dryolestoidea, but shows 
much resemblance to the protocone <A tritubercUlar teeth. 

INFRA-CLASS METATHERIA (= MARSUPIALIA, DIDELKIIA) 

OITRODUCTIOlf 

Marsupials (of which some lack a poudr, and a few possess a placenta) 
probably share a common Jurassic ancestry wiCh the Eutheria or ‘{dentals' 
(p. 723). Certain isolated molar teeth of a pre-tritubercular pattern i|om the 
Middle Cretaceous of Texas could belong to marsupials or eutherians or to 
ancestors of both groups. In the Upper Cretaceous definite representatives 
of marsupials and eutherians are known. If one may judge from th^ small 
number of specimens, nearly all from one limited area, the marsupials appear 
to have been more numerous than the eutherians at that time, and it was not 
until the Cenozoic that the Eutheria (p. 703) gained ascendancy. It was 
possibly during the Cretaceous that marsupials entered New Guinea, Australia, 
and adjacent islands, which were isolated from Asia probably in the late 
Cretaceous (Fig. 492). Here they were able to survive free from competition 
with eutherians (except for bats and later rodent invaders, p. 709) and to 
radiate. It is probable that the basic stock was arboreal, thotigh many have 
become terrestrial. Tree-kangaroos {Dendrolagus (Fig. 493)) have become 
secondarily arboreal from a fully terrestrial ofibhoot (see Macropodidse, p. 716). 

Marsupials are mammals basically similar to the Eutheria, but whose young 
are bom in a mdimentary condition and are generally sheltered during their 
later development within an integumentary pouch, the marsupium. A 
pouch is lacking, however, in the Australian Numbat (marsupial ant-eater, 
Myrmecobius fasciaius, p. 7x3) in whidi the young are drag^ped along, clinging 
to the nipples. It is lackiiig also in the American Ckironectes (Fig. 494)> 
Marmosa, and Monodeiphis. A conunon sphincter-musde surrounds the anal 
and urinogenital apertures. The vaginae are (hstinct, and each has a separate 
opening into the urinogenital canal (Fig. 648, p. 891)7 In both sexes the ureters 
pass between the genital ducts: whereas in et^herians tk^ pass outside the ducts. 
The male has an erectile penis, which is sometimes bifid. In se^ species the 
clitoris is likewise double. An allantoic {dacenta is rarely developed (p. 904)* 
When it occurs («.g. in the Ponmelidae) it is of relatively sim|de structure, and 
functions for but a brief period. The brain a corpus caBosum and has 
large olfactcnry bulbs and small hemisphmes vdrich &> not extend posteriorly 
over the oerebdlum. 




4iSlribiitioii: CkmUnental oonnMtioiif. The formation, destruction, and 
• inietimes secondary emei^ence of inter-continental and other land-bridges (not necessarily 
-ompiete at any one time) have been powerful moulding influences on the composition of the 
areas. The disappearance of former land-bridges produced isolation which, 
‘va climatic and resultant environmental changes, had a spectacular influence on, for 

1 ^ Manmpialia. Oi northern origin, these radiated with enormous success in Australia 
®* ^«fl 3 rec, in South America. Isolation and changed external conditions explains the 
dwtribution of the relict Dipnoi (Fig. 249. p. 361), Leiopeima (p. 429) Sphenodon (p. 495), 
1 vin other groups. The dinosaurs (p. 504 ) were once almost universally distributed. Even 
V f Australasian avifauna) and marine Ashes {e.g, slightly differing populations 

^ Central Asneiican isthmus) have been aflected. Many peculiar aspects of the 
fauna of Australia, New Zealand, North and South America and perhaps 
-eSi?/ ^ brdadly understood in terms of former land-bridges (see Fig. 597, p. 827. in 

^ horses). At the same time it should be remembered that it is easy to postulate a land- 
:ion« phenommia that may have totally different, though less oovious, explana- 

ibovff f 2 baaee^%iiursal fPM idand to island (see Mtiington). (The restricted striped areas 

indicate extensive Junundc lakes or iidand seas.) (ModiAed after B. M. (N.H.) catalogue.) 
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The tympanic chamber of the skull is often open, wNh the tjmqpviiic ting 
exposed, a primitive feature shared with some eutheci^: howeva*. in a 
number of forms, the tympanic chamber is covered and the ring is hidden or 
'ensnared'. In such instances, the cover is always formed by the alis^aioid 
bone, and not by an extension of the t}nnpanic itself mr by a ccnnbination of 
bones, as in various eutherians. Ihe optic foramina are omfluait from side 



Fig. 492. — Animal distribution: Faunal regions. The boundaries between the six regions (of 
Sclater, and later Wallace) are indefinite. Transitional areas are cross-hatched. The line north 
of Australia was drawn by Wallace (and named after him by Huxley) : it runs between Mindanaci 
and Talaud, Borneo and Celebes, Bali and Lombok. Weber’s Line, that of * faunal balance’, i.s 
somewhat to the east. The Sahara and Arabian deserts, the Himalayas and adjacent mountain- 
ous or arid regions, the high and cool Mexican Plateau : all constitute barriers to certain groups. 
New Zealand in particular (with its notable exclusions and its flightless birds, the frog Leiopelma, 
and Sphenodon) as well as Madagascar (with tenrecs and lemurs and notable absentees) also 
constitute definite faunal regions. 


to side, and the internal carotid artery enters the skull through a foramen in the 
basisphenoid, and not through the foramen lacerum medium. The jugal bone 
extends far back, so as to participate in the formation of the glenoid cavity 
for articulation with the lower jaw, a feature universal in the Metatheria, but 
one of sporadic occurrence only in the Eutheria (,e.g. Hyrax, niahy rodents). 
An inward inflection of the ventral posterior brnder of the lower jaw, the 
'inflected angle’, is to some degree a diagnostic feature, since it is not found 
elsewhere save in a few rodents. It occurs in all marsupials with the sole 
mcc^tion of the degenerate, thread-like jaw of the nectar-eating Tarsipts 
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and is greatly rei^d in the phalangerid genera DaUyhpsOa and Dad^mex. 
Xhe seventh cendcal vertebra in a large number of instances is pieited a 
foramen for the vertebral artery, but this feature is also found occasionally 
in eutheiians (some rodents, hyraxes. Hippopotamus, etc.). Well-developed 
epipubic bones are commonly, but not invariably, present. 



Fig. 493.-— Infra-class Helaiheiia, Order llaiiapialii» Super-family Phalaiigeiddea» Family 
Macropodito. DendroUtgus. Tree-kangaroos (e.g, the Black-faced D. lumholtn) are confined 
to the dense rain-forests of tropical Australasia. Secondarily arboreal, they have retained the 
remai^ble leaping powers of the terrestrial kangaroos (which were themselves descended from a 
primitive arboreal marsupial stock). The tail of tree-kangaroos has become thinner, but has not 
rc-developed prehensility. The feet have become shorter and broader. Some nails have become 
^arp and curved. The pads have become roughened and cushioned as a non-skid device. 

hands have increased in size and power. The posture is less erect than in terrestrial forms. 
(From photographs.) 

The dentition is curious in that there is only one set of teeth functional 
throughout life, with the exception of one tooth, a milk-molar, which is replaced 
hy the last premolar. The pattern of the teeth varies according to function 
in much the same general directions as in the Eutheria, carnivorous, insecti- 
vorous, herbivorous and other adaptations being found. 

In general it may be said that the marsupials represent a somewhat bwer 
P^e of vertebrate organisation than the Eutheria. Th^ retain a number of 
primitive characters whkh they share with the more primitive eutherians {e.g. 
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many Insectivora) such as a small brain, occupying but a comparatively nnall 
portion of the skull and with its <^factory pcntion dispinpQrtknally large. The 
palate is incompletely ossified ('fenestrated*). A humeral enteploandylar 
foramen is very frequently present. 

It has been pointed out that the monotremes are imperfectly homoeotherm- 
ous (p. 690). On the other hand, at least one marsupi^, the Qurdcka Wallaby 
{Setonix hrachyimis), ‘possesses a capacity to control its body temperature . . . 
as great as, or greater than, that shown by most placental mammals of similar 
size’ (Bartholomew). Further, marsupials employ the same general thermo- 
regulatory mechanisms as eutherians — ^vasomotor changes, shivering, panting, 
copiotis salivation, and, presumably, changes in metabolic rate. (Salivation and 
licking is of particular importance in Setonix as 'well as other marsupials; it 
has also been observed in rodents and the Domestic Cat in which it seenK to be 
essentially an emergency response.) | 

Although the terms 'placentals* and ‘Placentalia’ are frequently mied to 
distinguish the Eutheria from the Metatheria, these are undesirable. ' It ^ould 
be clearly understood that some marsupials have, seemingly independently, 
developed an efficiently vascularised allantoic placenta. Peramdes (p. 715), 
in particular, has established a true chorio-allantoic placenta (p. 904), which is 
not deciduate, but is absorbed after the birth of the young. In Phascolarctos 
and Phascolotnys (p. 716), too, there is allantoic vascularisation. All other 
marsupials studied in this respect have a comparatively small allantois and 
nourish the young through a yolk-sac placenta, which develops from the 
universally large yolk-sac during the brief period of gestation. 

Metatheria were widely distributed over many parts of the world as 
recently as the Miocene period. They are now confined to the Australasian 
region (with the exception of New Zealand), to South America (where during 
the Tertiary period they had a wide expansion), and (a few species) to North 
America. The earliest known forms are from the Cretaceous of Canada. 

This assemblage of marsupials and other primitive animals {e.g. Dipnoi, 
certain anurans, and flightless birds) in the southern hemisphere has 
suggested, very plausibly, that they, and their q)ecific parasites, have been 
so distributed by means of long-vani^ed Antarctic land-bridges. On the 
balance of evidence, however, it is more probable that these archaic, isolated, 
southern survivors are remnants of formerly widespread stocks that have 
lingered on in ' species refuges ' after their northern allies have been ejctmninated 
by ecological competition with later-evolved, more progressive forms. 

The Australasian zoogeographical r^on (Fig. 492), excluding New Zealand, 
contains more than four times as many marsnina^ as occur in the Americas, 
where their congr^ation is chiefly in the soutfacm. continent. But at the same 
time it must be remembered that the Australasian rcgian embraces also much 
(i Indonesia and that marsufHals occur (south-east <ol WsUaoe^s Line) io 
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the Celebes, Cenon, Amiboyaa, Timor, and New Guinea. In ^ese countries, 
{»rticu 2 aady'iii the hi^bly divorrified Australian mainland enviromnent, 
they i»08p««d and now exMbit many beautiful examples of convongenoe 
with the more advanced, emmigent, eutherians. Here marsupials developed 
variously running, ieaj^, burrowing, climbing, gliding, forms (see iq>. 707, 
^17), but, as far as is known, no habitual swimmers. Such natatorial forms 
may have arisen and been later eliminated by rodent water-rats (see below). 

It has been suggested that pouched mammals would be unlikely to become 
successfully aquatic, but many marsupials became pouchless, induding an 
aquatic opossum {Chironectes, Fig. 494) that devdoped in South America. 

No marsupial became truly a hooved animal, though Charopus, the Pig-footed 
Bandicoot, exhibits modifications in that direction; and the numerous 
kangaroos, wallabies, wallaroos, rat-kangaroos, pademdons, and euros in 
any dominated the plains and hills. Some marsupials became mouse- 
or rat-like, others somewhat sloth-like, others again cat- or wolf-like, while 
the marsupial-moles {Notoryctes) (Fig, 497) became fossorial and remarkably 
like the 'insectivoran' golden moles (Chrysochloridae) in appearance and habit. 

The isolated Australian marsupials suffered competition from only four 
types of eutherians. Into thdr habitat the bats flew, and the rodents probably 
drifted on debris. These rodents are myomorphs (p. 777) and probably 
invaded the region more than once. The invaders flourished and radiated, 
giving rise to peculiar Australian murid genera (e.g. Pseudomys, Mastacomys, 
Mesemhriomys, Cottilums, LeporiUm, Notomys, Ascopharynx, Mdotnys, Uromys) 
including also a distinct sub-family of water-rats, the Hydromyinae. Some 
murids {Notomys and Ascopharynx) became jerboa-like. A later invasion by 
the genus Rattus gave rise to several species of this genus that are found only 
in Austr^ia. These radiating rodents must have been severe competitors 
with the smaller marsupials but the effect of this impact is still unknown. 
About twenty genera of small terrestrial marsupials still exist to-day. Finally, 
the third type of competitor, Man, brought with him the fourth, a dog (Cants 
dingo) in his camoes. The Tasmanian Marsupial-wolf (Thylacinus) (Fig. 496), 
once widespread in the mainland was, by the time Europeans arrived, limited to 
Tasmania. . The Tasmanian native (himself now extinct) had no dog. On this 
general question Storr has argued that animals (whether marsupial or eutheriM) 
evolved in ia*g«»r land-masses are able, when introduced into smaller countries, 

successfully to compete with either marsupials or eutherians that are native thm. 

No wholly satisfactory means of marsupial dassification has been devised. 
Their taxonmxiy is usually based on the dentition, so that two groups are dis- 
tinguishable : (1) rim Polyfuotodontia, with more than three indsesrs in eaxh 
half of the upfier jaw. (a) the Diprotodontia. with never more than three 
indsors in rim nppor* t»e pair, in the lower jaw. Anottmr method of 
dassificatkm is based mi ewtain peculiarities of the foot-structure. Smne 
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marsupials have the second and third digits of the hind-foot united by a 
common sheath, while others have the toes all separate. These conditions 
are known respectively as syndactyly and iidactyty. Most pol3rprotodonts are 
didactylous and all diprotodonts are syndactylous, but coie super-family, the 
Perameloidea (bandicoots), are polyprotodont and syndactylous. 

If the primitive condition be presumed to be polyprotodont and didactylous, 
it would appear that this stock evolved along two lines, of which one, the 
Didactyla, retained the simple foot-structure, and the other, the Syndactyla, 
acquired the peculiar modification of the second and third toes. If this be so, 
the second line may have undergone a further division in that some (the great 
majority, indeed) reduced the number of incisors and became diprotodont, 
while the Perameloidea, although becoming syndactylous, remaitjlM con- 
servative as to their pol3q)rotodont teeth. \V 

With respect to dentition and foot-structure the marsupial groupslWange 
themselves as follows : i' 


INCISORS 


TOES 


Polyprotodontia 


Diprotodontia 


[Didelphoidea 
Borhysenoidea 
I Dasyuroidea 
[perameloidea 
rceenolestoidea 
tPhakuigeroidea 


Didactyla 

Syndactyla 


Dldelpholdea 

Borhysenoidea 

Dasyuroidea 

Csenolestoldea 

/Perameloidea 

tPhalangeroidea 


There seems to be good evidence that the Didelphoidea (represented to-day 
in the Americas only) may be the most primitive marsupial stock knoAvn and 
that the remaining five groups (see below) arose from early representatives 
of this group and have been phylogenetically separate ever since the late Cre- 
taceous or very early Palaeocene. Past attempts to relate the widely (geo- 
graphically and phylogenetically) separated stems have proved unsuccessful 
except in the case of borhyaenoids and didelphoids (p. 711) where a fossil 
animal of intennediate structure {Eobrasilia) has been described from the 
Brazilian Palaeocene. 

It has often bem stressed that any classification based on an extremely 
small number of characters in a large and diverse giimp is unlikely to be satis- 
factory. Hence in the present state of palaeontologicad ignorance of ancestral 
Australian forms it is safest to adhere for the time beii^ to a conservative 
classification of six groups ‘ each of which is, beyond serious doubt, a natural 
unit ' (Simpson). 


ORXffiR HABSUPIAUA 

Si9er4aiidBw mde^luddM (Upper Cretaceous-Recent) 
BoriiywDoidea (PaUeoceim-Plioorae) 
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SaiQiinridea (Pl«siocrae-Recent} 

Pemndlc^dM (Pliocene-Recent) 

CeuuHesMdea (Paleocene-Recent) 

PhalangecoUea (Pliocene-Recent) 

Super-family Didelphoidea 

These are the polyprotodont opossums ^ of North, Central, and South America 
e,g. Didelphys, Mamtosa, Chironectes) (Fig. 494). They are small, arboreal. 



Fig. 494. — Order Hmnipialis, Super-family DMelgiioidea, Family OMrofieelcHfe.^ 

The Water Opossum or Vapok (C. minimus) is a cat^sised South American forest*dwellcr that has 
become web-footed« semi-aquatic, and pouchless. It lives in bank-burrows and feeds largely on 
fish and crayfish. The single sp^ics of Chironectes belongs to the same sub-family (Didelphina) 
as the originally-named opossums (Didelphys) of North and South America. (From B.M. (N.H.) 
specimens.) 

generally insectivorous animals with an elongated, naked muzzle, a wdl- 
develop^ (thou|^ nailless) opposable hallux and long prehensile tail. A 
pouch is sometimes preset, but it is incomplete or absent in most Uving 

* There is evidence that the N«>rth American opossiun was really called by the 'Indi^' 
°y the name possum^ preened bv a grunt, hence 'o-possum' (Hartman). The opowm-lme 
of Australia urete call^ opossums as early as the i8^ century by naturahsts wlm 
wahsed the similarity, and not by S 9 -centuty goldnliggeni ficom CaUfomia as is often amerM. 
phalanger was probably first applied (by Bufion) to the Amencan and not the Australian 
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forms. One species, the Water Opossum (Cfunmeetes) ol Central and South 
America, has webbed toes. Some American opossums have the remaxkable 
habit, rare among mammals, of feigning death on capture— hence the esqnession 
‘playing possum’. Australian so-called opossums (j^udangers, p. 716) 
incidentally, do not ' play possum’. The Didelphoidea are early represented by 
Eodeiphis. Didelphodon, and several others in the Upper Cretaceous, Pera- 
therium, found in both Europe and America from the Eocene to the Miocene, 
hardly differ (as far as can be told from fragments) from small living diddidiids. 

Super-family BoRHYjBNOiDEA 

This super-family is represented by a South /ipierican group of polyi^todont 
carnivorous animals of dubious affinity, which became extinct in the Pliocene. 
They (e.g. the Oligocene-Miocene Borhyema, the Miocene Prothytacinl^ were 
large-headed, rather short-le^ed terrestrial animals, as big as bea^, with 
powerful claws and a small hallux.,' The Pliocene Tf^lacosmilus, a late siirvivor, 
had long stabbing teeth not unlike those of the sabre-toothed ‘tiger’ (p. 796). 
These animals have been claimed Ito show affinity with the Australian thylacines 
(Fig. 496) and to constitute evidence for the existence of an Antarctic land- 
bridge but any resemblance is probably due to convergent evolution. 

The carnivorous Borhyaenoidea probably radiated in seclusion after the 
separation of South America early in the Eocene (Fig. 491). Although a few 
eutherians (p. 723) had already reached that continent, these did not ikiclude 
carnivores. 


Super-family Dasyuroidea 

This Australasian group contains a large number of forms exhibiting an 
astonishing range of adaptive radiation. The carnivorous, essentially terres- 
trial Das3mridse (native-' cats’, Tasmanian Devil, Thylacine, etc.) generally 
have the pollex rudimentary, the foot four-toed, the hallux, when present, small 
and dawless, and the tail non-prehaisile. The marsupium is well-developed 
(but generally shallow) and the tail long. Body-length may be as great as two 
f^, although many are smaller than a domestic cat. The early settlers called 
the first-encountered species the ‘spotted marten ’ (Fig. 495). The predaceous 
Tasmanian Devil (SarcopkUus) is larger, with a more thick-set body. Its bones 
have been found in aboriginal middens on the Australian mainland, although 
good evidence is wanting of its occurraice there since European settlement. 
The large carnivorous Tasmanian Marsupial-' wolf’ {Tkyiaeiim^ (Fig. 49^) 
is to-day extremely rare. It was formerly widespread on the Australian 
continent, where it was exterminated before the advent of vMte settlement. 
It bears a remarkable resemblance both in appearance and sise to th<e true wolf- 
Its skull too, is wdf-like in general cmtline, and its.dentiticm is asdqg-like as is 
posrible for a marsupia]. Thyiacinus is prom i nieidly barred across the dorsal 
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surface, making for concealment in the heavy timber where it lives. It is 
inoffensive to Man, despite the vernacular, ‘Tasmanian Tiger 

Also included in the present super-family is the semi-arboreal genus 
phascogale, containing three slender, graceful, but ferocious kush-^tailed 
animals, each about the size of a small rat. Now rare, Phascogtdc raids poultry 
farms, killing far in excess of its hunger. Allied to the above are several 



Fig. 495.><- Order MaflopiaUa, Super-family Daiynroidea, Family DaismxidflB, Sub-family 
Dasyarinm. JkMyuropa. The Tiger-cat or 'Spotted Marten' (D, maculatus) of the eariy British 
colonists in Australia is a fearless hunter with which the Felidse, in some respects, converged. 
The Tiger-cat sometimes kills wallabies, and has been known to keep a couple of Irish terriers at 
hay. The body is about two feet long, Dasyurops differs from Dasyurus in the possession of a 
hallux, serrated foot-pads, and a spot^ tail. The pouch is shallow and reversed-*^ crescentic 
fold encloses only the front and sides of the mammary area which supports six nipples arranged in 
two rows. ' Dasyures * easily hold their own against imported eutherians but have been decimated 
in populous areas because of their blood-thirsty raids on domestic poultry. (From photographs.) 


genera of pouched rats and mice (e.g. Dasycercus, Dasyuroides, SmintHopsis) 
as well as long>tailed, hopping, pouchless (or almost pouchless) Jerboa-like 
marsupials [AfUechinomys). Some of the first-named accumulate fat stores 
in their tails. 

Two fmther genera of great interest are the curious numbats or banded 
ant-eaters {MyrmeedbiMs), and the Marsupial Mole {NatoryeUs). Two q>edes 
nf the forma: occur : these are rat-azed, and banded across the lumbar and 
sacral The female is poudiless, and so the small young are carried 
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attached to the nipples. Numbats are very q)ecialised gentte creatures, not 
fast on the ground, not deep burrowers and not climbers. Probably they could 
not have survived an3where outside the isolation provided by Airatralia. 
Although not persecuted by Man, they have become rare owing, possibly, to 
the destruction of their native habitat settlemrait and by feral domestic cats. 



Fig. 496. — Order Hamvislis. Super-iamilies DsonmUea and FwameloM e*. The banded 
Tasmanian.wolf {Thyladnus cynocephalus) (Family Ssiyillite, sub-family TIl^aeiaiBn) inhabits 
hilly heavily-tim^red country. Although harml^ to Man it has been known to tear open the 
skull of a bull-terrier with a single bite. The four young are carried in the pouch for about three 
months. The thylacine is shown holding a bandicoot {Thylacis) (Family Peramclidae.) The 
single species is extremely rare. (From photographs.) 


Notoryctes, the Marsupial-mole (Fig. 497), is a small, burrowing, desert 
animal which bears a superhcial resemblance to the African golden moles 
(Chrs^hloridae, p. 729). It has short, powerful, furred limbs, eadi with five 
toes. The third and fourth toes of the fore-foot are provided with remarkable, 
large, flat, triangular claws. The rhinariom is covered with a homy shield 
and the dorsal aspect of the head is also protected by a hard shield. The tail 
is short and covered with bare, homy skin. An aucUtmy pinna, is absent, the 
eyes are vestigial and the fur is silky and almost plu^-like. A wdl-developed 
pouch opens backwards. Pleistocene fossil exmnffles have been foond. 
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Soper-family Perameloidea 

The bandicoots (Fig. 496) ate inofioisive Australasian terrestrial grass- 
jjd forest dwellers (e.g. PerameUs, Thylads, MacrOis, Chatropus) usually 
jurrowing babit. They rai^e in size from that of a large rat to that of a rabint 
ind subsist on a mixed diet. Although rarer than formerly, they are still 
plentiful in the outer suburbs of Australian capital cities. They have an 
jlongated, pointed muzzle, and, in some cases, large auditory piimse. The tail 
is usually short but sometimes long. The first and fifth digits of the fore-feet 
ire vestigial or absent, the remaining three being nearly equally devekqped. 
In the hind-foot the fourth toe is longer and stouter than the others, while the 


Fig. 4g7.— Order MMiwgialfm, 
saper family SuyimldMs Family 
ffotoryctidm. JVolomsiM* Thexero. 
philous Manuptal Mole [N. typhlops), 
with which the African golden mol^ 
(Fig. 510. p. 729) riaow extraordinary 
:onvergence. There are two species. 
See also Figs. 495, 496 for dog- and 
at-likc forms wi^in the same super* 
family. (From Cambridge Natural 
History,) 



cond and third are small and slender, and united together by a web of skin: 
^he first is vestigial or absent. The marsupium opening is directed backwards. 
Ulied to the true bandicoots are the beautiful bilbies or rabbit-bandicoots 
\Thylacomys), These are more carnivorous; and have long silky fur and long 
abbit-like ears. Fossil bandicoots have been found in Pliocene and Pleistocene 
peposits. 

Super-family Cjenolestoidea 

These South American marsupials do not fall into either of the main 
issemblages outlined above. They are represented to-day only by C^eno- 
wtes, Orolestes, and RhynchoUsies, small rodent-like forms which, with the 
me opossums, (p. 711), represent the two marsupial types that survived the 
ite-Tertiaiy |daoental invasion from the north. The Caenolestoidea is ob- 
iously of considerable antiquity and Palaeocene fossils are knoMm. Canolestes 
» i small, superficialiy very mouse-like animal with a pol5q>rotodont upper 
cntition and with the median pair of lower incisors enlarged as in the con- 
^ntional Austrahan diprotodont condition (p. 7^)* have not 

^onie syndactyious* The most Hkeiy explanation of th^ ^aberrant ' form is 
iat they and the Australian diprotodonts were separated in the late Mesozmc 
hen still in the pclypratodoxit condition and that, in isolation, the Australian 
^nns became fully: di|nt>tod(mt, the Csenolestoidea partly so. Pofyiolops 
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(Palieocene-Eocene), Abderites (Oligocene-Miocene) and other forms pursued 
this tendency much further than did Canolestes. 

Super-family Phalangeroidea 

Into this Australasian group fall the arboreal phalangers or possums (e.g. 
Trichosurus, Pseudocheirus) and ilying-phalangers (marsupial gliders) (e.g, 
Petaurus) ; the arboreal, clinging, superficially somewhat sloth-like Koala 
(Phascolartdos) ; the aberrant, burrowing wombats {Phascolomys ) ; and the 
great assembly of kangaroos and their allies (Macropodidae) (Fig. 493, p, 707). 

The phalangers have both fore- and hind-feet prehensile. The second and 
third toes of the hind-foot are slender and united by a web, but the hallux, 
which is nailless, is opposable to them. The fourth and fifth toes |tre nearly 
equal. The tail is well developed and may be prehensile. The fljj^g phal- 
angers are provided with lateral folds of skin extending from the fo|e- to the 
hind-limbs and, acting as a parachute, enable the animal (as in the trUe flying- 
squirrels), to make leaping descending glides from tree to tree. Phalangers 
are often of great beauty and were hunted extensively for their fur but they are 
now generally protected and are not tmcommon in the gardens of inner suburbs 
of capital cities. The group contains also minute pigmy possums {CercaMus), 
pigmy ‘feather-tailed’ gliders {Acrohaies) (Fig. 498) as well as the large slower- 
moving cuscuses {Spilocuscus) of tropical Australasia. Remarkably specialised, 
too, is the tiny, dorsal-striped, arboreal, monospecific. Honey-possum (Tarsipes) 
which occupies a sub-family by itself. It has an extensile tongue, degenerate 
cheek-teeth, and a long prehensile tail. 

The wombats (Phascolom}ddae) are' large, heavy, thick-bodied vegetaria- 
animals that live in burrows, emerging at night. They have short, flattene 
heads and short thick limbs, provided with strong claws on all the digits excep 
the hallux. The second and third toes of the hind-foot are partly skin-con 
nected. The tail is very short. 

The rare arboreal Koala is the sole living representative of the famil! 
Phascolarctidae. It is an inoffensive, sluggish, and extremely beautifa 
marsupial. Once slaughtered for its pelt, it is now rigidly protected. It ha 
a thick body, vestigial tail, cheek-pouches, and an extremely capacious cxcun 
The Koala's feeding habits are inordinately sped^sed. It will eat the leaves 
of about a dozen species only of Eucalyptus. It never drinks but licks up eartt 
containing, no doubt, essential mineral factors. The pouch of this animal is 
peculiar in that its lateral recesses extend to the flanks. The gestation period 
is said to be only 35 days. One young is produced every second 3rear. Althongk 
the adult is about 30 inches long the neonatus is only about | inch in length ai>* 
wd^ about grams. At Inrth the fcne-Smbs are relatively powerfol^ 
developed. It is primarily by means of these ^t the bhnd, hdpless yo'^ 
one makes unaided a wriggling two-inch journey to ^ backwardly direct^ 
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pouch (see also p. 908). Thoein it fixes itself unaided to <xie of the two 
At about six months the baby is some six indies long, but it does not outgrow 
the pouch until two months later, after whidi it is.carried about on the female^s 
back, or held in her arms as she sleeps in a tree-fork. 

The kangaroos and their allies (Macropodidae), are remarkably adapted for 



T1 498.— Order Mmmpialia, Super- family PiuOuigeioidMl, Family Fhalaagmdm, itcrobafea. 

i lie Australian possums (phalangers) belong to the same super- family as the kangaroos, the Koala 
and the burrowing wombats and are therefore only distantly relat^ to the American opossums 
(fig. 494)- The Feather-tailed, or Pygmy, Glider {A . pygmaus) inhabits the eucalyptus forests of 
iJ.astcrn Australia and still survives in the suburbs of capital cities. About the size of a mouse, it 
spends the daylight hours in hollow limbs, emerging at dusk to feed on insects and nectar. The 
caihstructure has no interlocking device such as occurs in true feathers. Larger gliders have 
nutty tails : in the cat-sized Schoinobates volans the tail is about 20 inches long and steers the animal 
/M branches to lower ones in glides of up to 120 yards. (Partly after Gould, and B.M. 

(N.H.) specimens.) r j i j 


swift terrestrial locomotion. They have a relatively small head and neck. 
The forelimbs are small, and each is provided with five digits. The hmd-1^ 
are long and powerful. Rapid progression is effected by great springing 
. caps (as long as 26 feet) with the body inclined forwards and the fore-limbs 
^ of the ground. The foot is narrow and provided with four toes, a hallux 
L absent. The two inner (second and third) toes ue small and united by 
P^tegument. The middle toe is very long and powerful, and is a formidable 
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Fig. 499.— Order Mariapialia 
Super-family rinlainiirnMm. Family 
DvntoOOBttdm. DIpraMkm. These 

animals, growing to the size of a 
rhinoceros (e.g. D. australis) were a 
herbivorous terrestrial development 
from arboreal phalanger stock. Fossils 
of diprotodons bogged in receding 
Pleistocene lagoons have ^n found 
^in many parts of Australiai* (From a 
restoration by Stirling.) ^ 



Fig. 500.— Diprodontids: 
Skull and dentition of Noto- 

iherium. This Pleistocene 
animal was smaller than 
Diprodoton (Fig. 499) but 
shared its general resem- 
blance to the extant wom- 
bats. (After Owen.) 



Fig. 501. — Super-family Philangeroid^ 
Family nodadotoonidis. Thifines^eo. 
remarkable Pleistocene marsupial (T. carni/ex) 
was another phalangcroid torm. It was abou 
the size of a modern lion. The molars were ! 
reduced and the rear premedars were , 
Ised into powerful sheszing teeth, (a* 
Rower.) 
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defensive vraapon capable erf disembowelling a dog. The tail is veiy lemg, 
usually thick and hdps support the body while at rest. There is a large 
iTiaisupium. The tree-kangaroos {Dendrolagus) differ from ordinary kangaroos, 
particularly in thdr shorter and thicker hind-limbs, in which the seomd and 
third toes have become nearly as large as the fourth (Fig. 493, p. 707). 

The numerous, highly varied and vegetarian Macropodidae range in size from 
the rabbit-sized rat-kangaroos {Bettongia) to the magnificent plain-dwelling 
Red Flier (Macropus rufus) (which has a blue-grey doe) and the Great Grey 
(Forester or Boomer) (M. canguru) which stands about six feet high. The new- 
born animal is little more than one inch long (see p. 908). 

The aberrant and primitive Hypsiprymnodontidae contains only one species, 
the Musk Rat-Kangaroo (Hypsiprymnodon moschatus), of dense North Queens- 
land rain-forests. Alone among the kangaroos it possesses the first pedad digit, 
and shows certain similarities with the phalangers. 

Among the Phalangeroidea has been placed the largest extinct marsupiad 
yet discovered — Diprotodon (Fig. 499). This 
cumbersome Pleistocene animal wais about as 
big as a modem rhinoceros, being perhaps six 
feet high amd 10 feet long. Diprotodon was 
heavily quadrupedal with a massive head and 
neck. Anteriorly the upper jaw was armed 
with a pair of formidable chisel-shaped incisors 
with a frontal enamel deposition. These teeth 
had persistent pulps (p. 864), growing con- 
tinuously as they wore away. Behind them lay two pairs of lesser incisors. 
The lower anterior pair of incisors was large and forwardly directed and 
the lower cheek teeth were transversely ridged for grinding. Petrified 
crushed vegetable material has been found with the bones. The animal was 
plantigrade, with minute digits : its arboreal ancestry was indicated by the 
structure of its hallux which appears to have been opposable. Hundreds of 
fossils were recovered from a single lake site where the animals bogged in mud 
(as do cattle to-day) in an attempt to reach water during a Pleistocene drought. 
Another fossil nuirsupial of identical antiquity and site is Nototherium (Fig. 
500), an ox-sized lumbering, broad-headed, herbivorous form, possibly armed 
with a nasal horn. Some of its characters siiggest a remote wombat affinity. 
Thylacoleo (Fig. 501) is another Australian Pleistocene phalangeroid. It was 
lion-sized, with peculiarly large posterior premolars, modified into shearing 
teeth, suggestive of a carnivorous <fiet. 

EndodNlrtmi liilitoffli M ifti — In marsupials the inferior arch of the atlas 

502) is <rften incompletely ossified, a gap being apparent in the macerated 
Scunetiines tbae gap becomes closed by ingrowths from the lateral 
parts of the at other times a miall separate ossification is devdoped 



Fic. 502. — Maerojmm Atlas. 
Note incomplete ossification of in- 
ferior arch. 
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therein, filling the opening. There are always nineteen tnink vertebrae. The 
thoracic transverse processes are always well developed, and the ribs articulate 



Fig. 503. — MiteropuH t Endo- 
skeletoil. Wallaby. The \Wapula 
is represented as raised solliewliat 
higher than it would bc'.W the 
natural relations of the parti, Thu 
head of the femur has been sepa- 
rated from the acetabuluih. acet. 
acetabulum; acr. acromion pro- 
cess; ast. astragalus; calc, cal- 
caneum; cbd. cuboid; chev. chev- 
ron bones; cl. clavicle; cun. cunei- 
form of carpus; epi. epipubis; fb. 
fibula; fern, femur; hd. head of 
femur; hif. humerus; il. ilium; 
isch. ischium ; obt. obturator fora- 
men ; orb. orbit ; pis. pisiform ; pub. 
pubis; radius; first rib; 
rb. 13, last rib; .sc. scapula; st. 
sternum; tb. tibia; troch. great 
trochanter of femur; uln. ulna; 
unc. unciform; IV, fourth toe. 


ebd 



Fic. 504, — Phaacolomys : 
Skull. Wombat, in lateral view. 
ang, angular; cond. condyle of 
mandible; ext. aud. opening of 
external auditory meatus ; ex. oc. 
oMoccipital; ju, jugal;, max. 
maxilla; nos, nam; p> max. 
premaxilla; sq, squamosal; ty. 
tympanic. 


with them as well as with the vertebral bodies. Prominent metapophyses and 
anapophyses are developed, largest in the lumbar region. In nu^ marsupials 
but one sacral vertebra is present thoi^ in some a second is aniQrlosed with 
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yures, phalangers, and kangaroos {F%. 503) . 



iinKularproceM^fmSldlbief^?frontSu jet “^'-splienoid; ang 

,o«rf.occipiW condyle: par. parietal; 

.upra-occipital: s?. squamosal; <• zygomatic P- pmmaxUla; *. «. 


^p.maso 


““P' “ •'"= Koala aad the wontbale 
In the sfe,« p,gs. 5<n,, 505, 506) the brain-cavity is relatively small The 
pituitary fossa is not distinct, and there ^ 

are no clinoid processes. The zygoma is 
complete, but the orbit is not completely 
bounded by bone behind. The extinct 
phalangeroid T hylacoleo, however, has a 
complete post-orbital bar (Fig. 501). Tlie 
jugal extends beneath the squamosal root 
of the zygoma to form part of the outer 
'vall of the glenoid fossa. The lachiymal 
foramen is usually on the anterior margin 
of the orbit, sometimes on the face. The 
palate usually presents vacuities in its 
posterior portion. The pterygoid is always 
small. The alisphenoid is large, and 
orms the anterior boundary of the tym- 
l^c lavity. In the kangaroos the ali- 
noid (Fig. 506, ali.) extends backwards 
greatly elongated paroc- 
is L f”’®®®®' an auditory bulla 

the » formed by that bone, ^ soe—Mragai,: aua. Rock 

tympanic being alwavs «smal1 an.! *“ venUral view. ali. alie- 

“ever ankvine,,,* * “ small, and phenoid; bas. oe. basioccipital: bos. spk. 

^^yiosed to neighbouring bones* i^»pl>enoid; ^x. oc. exoccipital; ju, 
internal ^ PSaJ; wax, maxilla: Dalatine! 4»ar. 



w neignoounne IXines. oc. exoccipital; m. 

internal camtiH nrfA«-tr a J«sal; maxiUa; pal. palatine; par. 

basiQnk ^ artery perforates the «?, paroccipital; p. max. piemaxiUa;^. 

pnenoid. T(ie optic foramen is con- 
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fluent with the sphenoidal fissure. In all except Tetmpes the an^ of the 
mandible sends inwards a remarkable process and is said to be inflected. 

In the pectoral arch of the marsupials the coracoid process is, as usual 
developed from a special bony centre, and a distinct suture is often recognisable 

between it and the scapula until a com- 



Fig. 507. — TriehoBurm: Hind«lflg ud 
PM. Phalanger. as/, astragalus; caic. cal- 
caneum; cub. cuboid; ect. cun. ecto-cunei- 
form; $nt. cun. ento-cuneiform; fb. fibula; 
mes. cun. meso-cuneiform ; nav. navicular; 
tib. tibia; I — V, digits. (After Owen.) 


paratively late stage. In the young 
condition (when the foetus is attached to 
the teat) the coracoid is comparatively 
extensive and reaches the prestemum 
ventrally. A clavicle is always present, 
except lathe bandicoots, but may be in- 
complete. There is never a disfinct cen- 
trale in the carpus. In the ^Wsums 
the ilium has the primitive fei^ of a 
straight, three-sided rod. In lihe kan- 
garoos (Fig. 503, * 7 .) it is still simple and 
three-sided, but somewhat curved out- 
ward. In the rest it is more or less com- 
pressed. In nearly all the marsupials 
there is a pair of elongated and com- 
pressed epipubic or marsupial bones (Fig. 
503, epi), which articulate posteriorly j 
with the anterior edge of the pubes. In j 
the Thylacine they are represented only 1 
by small unossified fibro-cartilages. The 
fibula is alwa}^ well developed, and in the 
young condition of some marsupials there 
is an accessory element situated outside 
its proximal end. This apparently corre- 
sponds to a bone known as the parafibuh j 
which occurs in some Lacertilia. In the 
phalange (Fig. 498) and the Koala there 
is always a considerable range of move- 
ment between-the fibula and the tibia, 


com^xtrable in some deg^ to the move- 
ments of pronation and supination of the radius and ulna. The foot (Figs- 
507, 508), as already stated, presents a mudi greater rat^ of modification 


than the hand. 
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INFRA<CLA^ EUTHERIA (PLACENTALIA, MONODELPHIA) 

OITRODUCnoil 


The Eutheria. and Metathena are presumed to have arisen from some 
as yet untraced branch of the Jurasric pantotheres (p. 703). Since undoubted 
eutheri^ and metatherians are known from the Upper Cretaceous, they must 
have diverged altmg their separate lines of evolution during the early part of 
the Cretaceous period (p. 3). At the beginning of the Palaeocene a great variety 
of eut^ans made their appearance, implying either a very rapid evolutionary 
radiation, or perhaps more probably a rapid riigpAr^i 


from an area, at present undiscovered, where they had 
been evolving during the Cretaceous. It must be re- 
membered that only one Lower Palaeocene 
fauna, that of the Puerco Beds of New Mexico, is 
adequately known. At the dawn of the Eocene (some 
50 million years ago) aulditional diversification took 
place. Most of the orders of the infra-class Eutheria 
were present in the Eocene. 

In all, Simpson (whose classification is here generally 
followed; see, however, p. 725) recognises twenty-six 
eutherian orders, ten of which have become extinct. 
The Eutheria includes all the more familiar mammals 
of to-day, including Man and his domesticated beasts. 
It embraces about 8,500 species. 

The basic characters common to the group, which 



has in its fairly long history radiated into a considerable fig. soS.— iwoeropus: 

number of lines, are naturally relatively few. Although 

an allantoic placenta occurs in certain marsupials cb. cuboid’; «*. euto-cunei- 

(p. 708), the chief eutherian character is nevertheless 

the highly oi^anised sdlantoic arrangement, whereby 

the young can be nourished in the uterus for a comparatively long time 

and be bom in a far more advanced stage of growth than those of marsupials. 

The uterus tends gradually to lose its original double formation {uterm 

duplex) and becomes a single structure Xuterus simplex). The urinary ducts 


pass to the bladder outside the genital ducts (cf. pp. 704, 892). A common 
sphincter is only rar^ present and then only as a remnant, thus there is no 
longer any cloaca. In the brain a new stracture appears — ^the corpus callosum 
(Fig. 486), which connects the large cerebral hemispheres. In the course 
of its evolution the brain has become more and more highly organised, 
especially by the remarkable development of the neopallial region of the 
hemispheres (pp. 679, «84). 

'Fhe internal ci^rtid mttacs the ^cuU through the foramen lacerum inedius 
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or through the bulla. (In marsupials it passes medially to the middle ear 
to enter the skull through the basisphenoid.) The tympanic region in all but 
the most primitive forms is protected by a bony covering, or buUa, an out- 
growth of the petrous bone to which the t 3 mipanic bone becomes attached in 
various ways to form a true tympanic hnUa, as opposed to the aUsphenmd btdla 
of those marsupials with protected ear region. Some Eutheria resemble 
marsupials in single features of the skull, but such resemblances have probably 
been secondarily acquired. They include the perforation of the palate in 
hedgehogs, the extension of the jugal back to the glenoid cavity in hyraxes, the 
confluence of the optic foramen with the sphenoidal fissure in some Lipotyphla, 
and the inflection of the angle of the lower jaw in some rodents. No euthman 
possesses epipubic bones or a marsupial pouch (cf., however, monotrem^, p. 

688). The Eutheria all have the dental formula of or some derivi|!tive 

/ 3.1.4.3 

therefrom. (Some have lost all teeth, viz. Pholidota and some edentajtes.)i ' 

As mentioned above, most of the eutherian orders seem to have arisen 
during the Palseocene. Some {e.g. Tseniodonta, Tillodontia, Condylarthra, 
Dinocerata) had a comparatively short career and probably did not survive 
the Eocene. Others (Pyrotheria, Embrithopoda, Pantodonta) probably dis- 
appeared towards the end of the Oligocene. The Notoungulata and Litop- 
tema survived until a few million years ago. Some of the above groups are 
still very imperfectly known, and the same can be said of the origins of many of 
the extant orders : on the material available it is not always easy to determine 
affinities. 

Although the orders of Eutheria are so distinct to-day, their representatives 
in the early Caenozoic were much more alike, and it is sometimes a matter of 
dispute into which order some of the Palseocene forms should be placed. By 
comparing the most primitive members of the various orders it is possible to 
arrive at a conception of the characters of the hypothetical ancestral eutherian 
stock. They must have been small mammals, probably not larger than a rat, 
with a long trunk, arched back, rather short legs, and long, somewhat stout 
tail. The manus and pes were plantigrade, with five digits provided with 
daws. The clavides were well developed, and the ulna and radius were free, 
as were the tibia and fibula. In the skull the face was as long as the small 
brain-case. The tjmpanic was ring-shaped and there! was no bulla. The 
snout possessed a well-developed rhinarium and vibrissae. The teeth were 
adapted for an insectivorous ^et, with sharp interlocking cusps and cutting 
crests. There were three incisors, a moderatdy enlarged canine, four pre- 
molars, and three molars, which were of a pretritubercular type (p. 868). As 
regards soft parts, a good case can be made out that a cecum M?as present in 
the gut. Both precaval veins may have been weU-devel(q>ed. The cerebral 
heau^hfflres were small (not completdy covoing the corpora quadrigemina) 
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and imconvoluted. The oUactoiy lobes were large. The penneum was prob- 
ably poorly developed, and traces of a cloaca may have be^ present. The 
testes were probably abdominal and the uteri separate (duplex). The number 
of young produced at a birth was probably large. Numerous mammary glands 
formed a series along the body between axilla pit and groin. No living euth- 
erian possesses this combination of characters, but many have retained some 
of them. Primitive characters are most numerous in the orders Menot5rphla 
and Lipotyphla (generally united into a single order. Insect! vora), and thus the 
other orders, are often regarded as having an insectivore ancestry. It must be 
emphasised, however, that the living insectivores, though primitive in some 
respects, are specialised in others. Further, some such primitive characters 
have survived in many other orders. 

We will follow Simpson’s arrangement of living and extinct orders into four 
cohorts. The Insectivora, however, are divided into Lipotyphla and Meno- 
typhla. 

INFRA-CLASS EUTHERIA 

Cohort Unguleulats 

Orders Lipotyphla (Upper Cretaceous-Recent) 

Menotyphla (Upper Cretaceous-Recent) 

Primates (Palaeocene-Recent) 

• Dermoptera (Palseocene-Recent) 

Chlroptera (Eocene-Recent) 

Tanlodontia (Palxocene-Eocene) 

TOlodontla (Palseocene-Eocene) 

Edentata (Palseocene-Recent) 

PfaoUdota (Oligocene-Recent) 

Cohort Gllres 

Orders RodenOa (Palaeocene-Recent) 

(Palaeocene-Recent) 

Cohort Muriea 

Ordw Cetaeea (Eocene-Recent) 

Cohort Ferungulata 
Super>order Perse 

Ordw Carnivora (Palaeocene-Recent) 

SvpwHMrder Protoungidata 

Orders Condylarthra (Palaeocene-Eocene) 

Notoungnlata (Palaeocene-Pleistocene) 

Lttoptema (Palaeocene-Pleistocene) 

Astnqwtlioria (Eocene-Miocene) 

TnUm lMant ata (Pliocene-Recent). 
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Super-ordor PsenuiigiUata 
Ordm Hyraeoldea ^ (Oligocene-Receiit) 

Proboseldea (Eocene-Recent) 

Pantodonta (Palseocene-Eocene) 

Dlnoewata (Palseocene-Eocene) 

Pyrotheria (Palseocene-Oligocaie) 

Bmiffithopoda (Oligocene) 

Sirenia (Eocene-Recent) 

Super-order Mesaxonia 
Order Perissodae^la (Eocene-Recent) 

Sup«r-order Paraxonia 
Order ArttodaetyUt (Eocene-Recent) 

COHORT UNGUICULATA 

This great assembly is composed of extinct sind living orders in which 
archaic mammsdisin characters su-e notably retsuned. Among living mammals 
it includes the Lipot3rphla {e.g. shrews, moles, and hedgehogs), Menot3rphla 
(tree-shrews and elephamt shrews) Chiroptera (bats), Dermoptera (Colugo or 
‘Flying Lemur’), Edentata (restricted to armadillos, sloths, and true ant- 
eaters among living beasts), Pholidota (pangolins) smd the Primates (lemurs, 
lorises, tausiers, monkeys, apes, and Man). . 

The older order Rodentia (rodents amd rabbits), properly divisible into 
Rodentia, and Lagomorpha (p. 779), is often included among the above but 
its two groups aire here included in a separate cohort Glires (p. 774). 

Order Lipotyphla 

This order, generally considered as a suborder of an order Insectivoia, may 
be divided ais follows: 

Sub-order Erinaeeomorpha 

Super-fanUly Erinaceoidea (Upper Cretaiceous-Recent) 

Sub-order Sorioomorpha 

Super-families Tenreeoidea (Palaeocene-Recent) 

Sorieoidea (Palaeocene-Recent) ^ 

Chrysoehloroidea (Miocene-Recent) 

The Lipotyphla have retaiined a large number of the characters of the 
Cretaceous stock from which all plau:ental mammals have arisen. They are 
small mammals, the laugest, Solenoion (Fig. 509), being only about the size of 
a cat. Some of the shrews, for exaunple Sorex minutus amd Suncus 0truscus are 

* Thm is considnable controversy about the affinities of this group. . Recently discovered 
material has led Whitworth to place the order with the Forisoodeetyln in «» Mesaxonia (p. 8*4)- 
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he smallest living mammals, weighing only about three grammes (g{. p. TSb). 
fhe immus and pes are plantigrade, and with few excepticms all five d4;its axe 
retained. Oavidies have been lost only in Potawogale, In the vmrtebral 
column there may occmr small bony nodules between the vertetnve <mi the 
rentnd side which appear to be the remains of chevron bones (intercentra). 
\n entepicondylar foramen is usually present in the humerus. t3unpanic 
s usually ring-shaped. The cerebraJ hemispheres are small and smooth, and 
;he olfactory lobes are large. Remains of a cloaca are often present. The 
;estes are frequently abdominal in position, and there is never a fully developed 
xnetum. The uterus is bicomuate. The number of young produced at a 
jirth may be very large: in Tenrec the average is 21. The mammary glands 
ire usually numerous: three to six pairs, except in the Chrysochloroidea, 
jirhere there are two pairs. 

At the same time the lipotyphla share a number of characteristic specialisa- 
tions. The pelvic symphysis is reduced to a short contact between the ischia, 
or may be completely absent (as in Soricoidea). There is never any caecum to 
the gut The snout is prolonged to form a mobile proboscis, moved by musdes 
which are attached to the skull at the anterior edge of the orbit (in Erinaceo- 
morpha) or pass back beneath the orbit as far as the squamosal (in Sorico- 
morpha). The zygomatic arch is frequently incomplete: when it is present it 
is usually slender, and the jugal is greatly reduced. The eyes tend to be reduced 
in size, especially in the Soricomorpha, where the optic foramen is not separate 
from the sphenoidal fissure. 

The Lipotyphla are predominantly insectivorous, and have sharp molar 
cusps and interlocking teeth. The incisors are frequently enlarged to fiinction 
as forceps, notably in the shrews (Soiicidae), and the canines are then small or 
absent. The molar patterns fall into two main types. In the dilambdodont 
{type the outer cusps (paraconc and metacone) are both large, and usually form 
a W of hi^ cutting crests. In the zalambdodont tyrpe, which characterises 
the Tenrecoidea (Fig. 509) and Chrysochloroidea (Fig. 510), the metacone is 
undeveloped, and the paracone forms a V: the protocone is reduced, together 
with the talonid of the lower molar, so that the zalambdodont molar teeth may 
dosely resemble those of the Dryolestoidea of the Jurassic. 

The Erinaceoidea are to-day represented by a single family, the Erinaceidae, 
with a wide distribution in Europe, Asia, and Africa, but extinct in North 
America. The more primitive members of the group, found in South East 
^ia, are hairy (e.g. Echinosorex — Gymftura), but in the hedgehog^ (e.g. 
^nnaceus) the hairs of the dorsal surface have become converted into spines 
owing to a remarkable development of the dermal musculature, the 
primal c an roU itself into a spine-covered ball. A band of muscle passes down 
he sides of the body and over the nedk and the root of the tail to form a 
^phincter round the edges of the sprinte-covered area. During contri^tion the 
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spiny skin is pulled over the head and tjul by other skin muscles. Eurc^an 
hedgehogs can kill vipers and are immune to their poison. 

The Soricoidea include the families Soncidse (shrews) and Ta4>idae (moles 
and desmans) . Shrews are world-wide except in the Australian region and most 
of South America; moles are Holarctic and Oriental in distribution. The 
shrews have a higher metabolic rate than any other mammal, and are unable to 



Fig. 509. — Infra-class Bntbnis, Order Lipoty^ils, Super-family Tanxeeoidaa, Family Sedou)- 
iontUss. SohenodoH. The Lipotyphla (e.g. 5 . paradoxus above) and the Menotyphta (e.g. Fig. 
514) are often united in a single polymorphic Order Insectivora. Members of the genus Soleno^s 
are insectivorous, nocturnal, and gregarious, living by day in burrows and rock fissures. The 
females make nests. They have well-developed inguinal and axillary glands and their saliva, 
like that of some shrews, is said to be venomous. (From Bourlitoe, and B.M. (N.H.) specimens.) 

survive more than ten hours without food. In some'shrews {Blarina) the sub- 
maxillary glands produce a poisonous saliva capable of killing a mouse. The 
most primitive moles, e.g. UropsUtts of China, are very much like, shrews and 
have no burrowing adaptations: their feet are unspecialised and pinnse are 
presoit. The desman {Desntana = Mygale) is aquatic, possessing webbed feet 
and a laterally compressed tail. The remaining Talpidae are specialised fot 
burrowing. Moles have been recorded to burrow (me hundred jrards in ^ 
sbicde night. The manus is very large and is held vertically at the side of the 
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head, with the palm outwaids and the poUex ventrally. A fakifom bone 
devdops from the carpus on the medial side of the pollex, giving greater breaddi. 
The humerus is very short and has its muscle oests powerfully develqied. 
The davicle b very short and thick, and articulates with the humerus as well 
as with the acromion process of the scapula. The humerus is entirely embedded 
in the body, the shoulder girdle having been carried forward to the neck r^km 
by elongation of the prestemum. This aids in stream-lining. A prenasal bone 
is developed in the snout. The second, third, and fourth cervical vertebne are 
fused. The hind limb pushes the body forward when burrowing, and the 



Ftc. 310.— Order Lipotypbla, Sub-order Soricomorphas Super-family ChiysoohloioUea, 
Family CSiryiochloridsB. ChrysocMoria. The fossorial golden moles of the African veldt (e.g. 
C. irevelyani, above) show in some respects a remarkable convergence with the marsupial mole of 
Australia (Fig. 497, p. 715). The eyes arc small, or covered by skin. The ears are externally 
invisible and the legs arc short and, particularly the fore-paws (A), specialised for burrowing. 
The fur is silky and i ridescent . True moles belong to a difierent super-family (Soricoidea) . (From 
Cambridge Natural History.) 


sacrum is accordingly strongly constructed. The tail is short The eyes are 
very small, and there is no ear-pinna. 

The Tenrecoidea consist of two-living families, the Tenreddas (= Centetidae), 
found maijoly in Madagascar, but with a few African representatives, and the 
Solenodontidae, with a single genus, Sdetudon (Fig. 509), in Cuba, Hayti and 
other West Indian islands. Fossil Solenod<mtidse occurred in the Oligocene 
and Miocene of North America. The Tenreddae are varied in appearance. 
Setifer is spiny like a hedgehog, but it cannot roll up. Microgale is a small, 
shrew-like animal Hemicentetes, which has spines mixed with hair, has 
reduced teeth and probably feeds on ants. Limnogale is aquatic, with webbed 
ieet AU these are found in Madagascar, where the famify has undergone an 
adaptive radiation. Potoimogale, the otter-direw of Africa, is also aquatic. 
It swims by its l<mg, flattened tail and webbed feet, and has lost its laduymal 
foremen and its davides. Soienoitm (Fig. 509) is a relativdy laui^, tmctmnal 
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nnitwai with a long snout and a stnnigly develc^Msd tait It mes its strong 
claws to break open dead wood to obtain insect food. 

The golden moles (Chiysochlorids) (Fig. 510) of East and South Africa, 
the only family in the Chrysochloroidea, are so different from the other Lipoty- 


Fig. 5x1, — CmMesi Skull. 
Tenrec, latent view. fr. frontal; 
max. maxilla; pa, parietal; p.max. 
premaxilla; sq, squamosal. (After 
Dobson.) 

A 4 '* 


phla that some authorities have placed them in a separate order. In some of 
their fossorial adaptations they resemble the Talpidse, which do not occur in 
Africa. Thus, the eyes are greatly reduced, pinnae are absent, and the muscle 

crests on the humerus are strongly developed. 
However, the pectoral girdle is quite unlike 
that of the Talpidae. The prestemum is not 
markedly elongated, but the anterior ribs arc 
concave to provide room for the humerus to 
be embedded in the body. The clavicles arc 
long. The hand has only four digits, of which 
the second and third are provided vrith large 
claws. In these respects the golden moles re- 
semble the marsupial Notoryctes (Fig. 497, 
715). The skull is greatly modified. The 
face is turned down on the globular brain- 
case, and the whole skuU is often very short 
and broad. Its sutures imite early. In some 
species the malleus is enormou^ enlarged, 
but the significance oLthis is unknown. The 
milk teeth ate retained until the animal is 

put/ti mature, and functmn with tl» permanent 

clavicle; H. humerus; Af. manubiium. mnlore 

(From Cambridge Natural History.) * i 

Skaieton of tin 14potypikla.<-The nei^ 
spine of the axis is usually well developed tiriiilst those of the remaining cervical 
vertebrae are small or obsolete. The ntimber of trunk-yertebm varies in the 
dMeient fanulies from eighteen to twenty-four, rad. there is also great variation 
in Uie development of the various processes. 
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The number of sacral vertebrae ranges from two to seven. The caudal 
cgion is variable in length and frequently has chevrtm bones. These scanetiines 
ccur also in the lumbar r^km. The second, third, and fourth cervical varte> 
irse are fused in the mole. The prestemum is usually an expanded, T‘^M{>ed 
tone, but in the moles it is greatly elongated. 

The skull (Fig. 511) varies greatly in the different families. The cranial 
apadty is small, and the orbits and temporal fossse are completely continuous. 

^ postorbital ccmstriction occurs in the Erinaceidae, but 
inly rarely in the Soricomorpha, in which the anterior 
)art of the skull is tubular. The zygoma is often in- 
lomplete (Soricidae, Tenrecoidea), and the jugal is small 
ir absent. With few exceptions, the tympanic is ring- 
.haped and does not form a bulla. The palate is some- 
imes perforated. 

In the pectoral girdle clavicles are always present 
xcept in Potamogale. The pectoral girdle of the moles 
las been described above. The humerus usually has 
in entepicondylar foramen, and often also a supra- 
;ondylar foramen. In the moles (Fig. 512) it is short, 
greatly expanded at the extremities, and has a promi- 
lent deltoid ridge, and two synovial articular surfaces 
it the proximal end. One of these is for the glenoid 
:avity of the scapula; the other is for the clavicle, 
rhe radius and ulna are completely developed in all. 

They are usually distinct, but are sometimes fused 
listally. In the carpus the scaphoid and lunar some- 
times coalesce, sometimes remain distinct ; an os cen- 
trale is usually present. In the moles (Fig. 5 ^ 3 ) fbe 
manus is extremely broad, the breadth being increased 
by the presence of a large, curved, radial sesamoid 
(falciform bone). 

In the pdvis the symphysis pubis is short or sometimes absent, the pubM 
remaining separated by a wide median ventral cleft. A third trochant^ is 
sometimes reiuesented by a ridge. The fibula usually, though not always, 
fuses distally with the tibia. 



F1C.513.— Ta(|Mi.* POW* 
ann and manui. Mole, c, 
cuneiform; ce. centrale; /. 
lunar; w, magnum; pisi- 
form; R. radius; rs. radial 
sesamoid (falciform bone); 
id, trapezoid; s. scaphoid; 
inu trapezium; U. ulna; n. 
unciform; L—V, digits. 


Order Menotyphla 

This order counts to-day of two very distinct families, the elephant-shrews 
(Macroscelididse) of Africa and the tree-shrews (Tupaiidse) (Fig. 514) 

Oriental region. The relationships of ttese animals are much disputed. ^ The 
^acroscelidid® are (dten placed with the Lipotyphla as the ‘ Insectiyora’, and 
the Tupaiida were induded by Simpson in the Primates. It has also been 
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su^ested that the Macroscelididae should be raised to the rank of a distinct 
order. (For a discussion of the problem see, for example, Evans, Butler.) In 
spite of their differences, which are due largely to their adaptation to very 
different modes of life, the two families show a number of resemblances which 
are probably indicative of relationship. They may be regarded as survivors 
from the stock of primitive mammals from which the Primates have evolved. 



Fig. 514. — Order Mmotyphla, Family Tupaiidte. Tupaia. The tree-shrews (e.g. T. belangen, 
above) and the elephant shrews (Macroscelididae) are often lumped with the IJpotyphla (Fif . 5^) 
as an Order Insectivora. Including the pen-tailed species they are small, primitive, superhcially 
squirrel-like eutherians that show certain resemblances with the ‘lower* primates (p. 734) with 
which they are sometimes grouped. They are extremely active by day and some make relatively 
elaborate arboreal nests. They eat foliage, fruit, and insects, and sometimes small vertebrates. 
(From Zool. Soc. London photographs and skins from B.M. (N.H.).) 


The Menotyphia differ from the Lipot5T)hla in several respects. The pubic 
symphysis is not reduced. A caecum is present. The eyes are relatively large 
(Fig. 514). In the skull, the cranial cavity is larger, and extends forward 
between the large orbits. The jugal is well developed. A vertical plate of the 
palatine extends up the anterior medial wall of the orbit to meet the lachri^nial, 
whereas in the Lipotyphla this part of the orbital wall is formed by an extensio” 
of the m a xi lla, and the palatine does not towdi the lachrymal. The ntnnber of 
young produced at a birth is never more than three, and there are <me to three 
pairs of mammary glands. 




PHYLUM CHORDATA 


...-///If 


f-— /r/.P 




The MacrosceKdidae are ground-living animals with enlarged hind limbs, 
resemlding tabbits or jetboas in their manner of locomotion. The tibia is 
elongated, and is fused with 
the fibula at its lower end. The 
metatarsals are also elongated, 

and the pes is digitigrade. A 

There is a large bulla, formed A 

from several bones, including “•* -'’rrKf \ 

the tympanic and the ali- 

sphenoid. The last premolar 

is molariform, and the last / 

molar is vestigial or absent. 

The testes are abdominal. Ex- 

amples are Rhynchocyon, Mac- /"* 

roscelides, and ElephanttUus. 

The Tupaiidse are squirrel- /««" 

like and climb trees with the ■/•'f P 

aid of claws (Fig. 514). They 

resemble the lemurs in many '^^SSUSSS' 

features of the skull, but their 

feet are not prehensile. The . . /V 

tibia and fibula are free. The fl 

olfactory organ is smaller than 

in the Macroscelididae, with 

fewer turbinal bones, and the J*f 

olfactory lobes of the brain are 

reduced. The facial part of \f .. 

the skull is relatively shorter, ** *'*^*'V*»"t 

and the eyes look somewhat /yT ! 

forwards. As in lemurs, there /#^ 

is a postorbital bar, formed / 

from the frontal and jugal 

bones. The ring-shaped t3un- ^^*11 m , 

panic is situated inside a bulla Fig. 515. — PtUocercut: Skull. Tree-shrew, palatal 

formed from the entotympanic, *\ *•* “««>»; «• / *. 

. ^ r*” * ' pre-molars; molars, .^s. alisphenoid; can. as, Bk-- 

^ in the Madagascan lemurs, sphenoid canal; ran. condyle; rr. /nt/>. temporal crest; en. 
Thp m/^Uw. <y, entotympanic; /. a. carotid foramen; /. siw. eustachian 

ine molar teeth are dllamb- owning: JFr. frontal; /. l. a. foramen licerum anteriua; 
Oodont, resemblinff those of /• “atw foramen; /. op. optic foramen; /. or. tora- 
shrewns -n. A X j j "*®** ovale; fas. ect. pt. ectopterygoid foam; fos. ty, t^. 
-uicws. me testes descend tympano-hyold fossa; /. p. gl. post-glenoid foramen; 
permanentlw a. in fi>- P^- palatine foramen; /. s<. w. stylomastoid foramen; 

enuy as in Primates. JJ^J mastoid; p. ty. Sq. post.tympanic process of squa- 

c-xamples are Tupaga and mosal; Pt. pterygoid; Ty. tympanic. (After Gregory.) 
ft»/octffc*M (Fig. 515). 

VOL. n. tz 
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Anagale, from the Oligocene of Mtmgolia, is in some re^)ects intermediate 
between the two living families, but it approaches the Primates in the flatten, 
ing of its terminal phalanges, indicating the possession of nails. Some 
'insectivores' from the Palaeocene and Eocene may prove to belong to the 
Menotyphla, but their structure has not been sufflciently elucidated. The 
Leptictidse, which range from the Upper Cretaceous to the Oligocoie {e.g. 
Ictops), have hitherto been classed with the hedgehogs in the Lipotyphla, but 
recent studies of their skulls indicate that they probably stand near the base 
of the Menotyphla. 

Order Primates 

• ^ * i I 

There is still a considerable lack of knowledge as to many details! {of the 
structure of the earliest Primates, due to the rarity of their fossils, a'^onsc- 
quence, probably, of their forest-living habits. ‘Every scrap of fo^ized 
material that has become available has been studied intensively because of 
Man's position in the order.’ Yet a great deal of unnecessary confusion exists 
in the Primate literature. A major reason for this is that ‘ much of the work on 
primates has been done by students who had no experience in taxonomy and 
who were completely incompetent to enter this field, however competent they 
may have been in other respects . . . Most primates have alternative names 
. . . hardly two students use the same nomenclature for them. The im- 
portance of distinctions within the group has also been so exaggerated that 
almost every colour-phase, aberrant individual or scrap of bone or tooth has been 
given a separate name, and almost every really distinct species has been called 
a genus and a large proportion of genera have been called families. [Further] 
many studies of this order are covertly or overtly emotional’ (Simpson).^ 

Liimseus included Man as a third genus in the Primates but many later 
authorities, including Cuvier, either declined to consider Man as an animal or 
regarded him as the unique occupant of a separate order. To-day no educated 
person has any doubt that Homo sapiens Linn, is a primate ; but there is still 
considerable argument as to his exact taxonomical position and relationships, 
as, indeed, there is concerning the origin of the Primates as a whole. There 
is, however, enough evidence to show the great antiquity of the group. Lemuri- 
forms, for example, occur first in the Palaeocene. A^hropoids, on the other 
hand, do not appear until the late Oligocene. 

Absolutely diagnostic characters of a primate are not easy to find. The 
most primitive species (p. 736) still bear traces of their origin from the cen- 
tralised Cretaceous ‘ insectivore ' stock. There are, however, definite trends of 
evtflution within the group, of whidi the beginnii^ be seen even in the 

* Upon a single toofh later proved to be that of Prostkenops, aa extinct peccary (p- 83^' 
erected a * new ’ genus and species with the tesonadiw name HupnepiOueus 
eoeit, vdiich was claimed to represent a North American Pliocene tn>e that resembled ' the hum* 
^pe mote closely than it does any known anthropoid ape ’ (see Wood-Jones). 
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earliest iottas. The dratition, for instance, never has the fall enthonaw ferm wla 
of three indsors, a canine, four premolars, and three molars in eadi half of tlw 
upper and lower jaws. From the first it is reduced to two indsms, awd 
(except in some early forms with four) to three premolars. Reduction may 
eventually proceed further by the loss of another premdar and a molar. The 
pattern of the molar teeth is at first trituberculo-sectorial, and in many lat * T 
forms becomes quadri- or quinque-tubercular. The generalised nature of 
the primate diet has not resulted in the evolution of any great spedalisation of 
tooth-pattern. 

Primates were originally, and for the most part still are, arboreal. A 
return to a terrestrial habitat is a secondary and rare feature. This fundamental 
arboreality of the group has been held to have been of primary importance in 
the moulding of many of the most notable primate characteristics. Life away 
from the ground has allowed the drastic reduction of the olfactory receptor 
apparatus, olfactory bulbs, and rhinopallium. The consequent reduction of 
the snout allowed both eyes to look forward (in the manner of broad-faced, 
short-beaked nocturnal hunting birds) with the concomitant development 
of Stereoscopic vision. Arboreal life also made possible the evolution of the 
grasping hand and opposable thumb. With all of these, and many other, 
novelties there came the great increase in size and complexity of the br ain — 
especially in the neopallium of the cerebral hemispheres which grew so as 
ultimately to cover a lai^e area of the cerebellum. The primate face has 
become more and more subcerebral as it became bent down on the basicranial 
axis, which became more inclined to the vertebral axis. Concurrently with 
the evolution of a grasping hand, the rounded articulation of the head of the 
radius with the humerus and of the distal extremity urith the ulna allowed the 
hand to have a very free movement of supination, a characteristic primate 
feature, the primitive position of the mammalian hand being, of course, one of 
pronation. 

Whilst the brain has become highly organised, with resulting modification of 
the skull, the rest of the body has retained a larger number of unspecialised 
features than is shown by many of the other orders of mammals. Progression is 
still plantigrade, and even in Man the number of digits remains the primitive 
five. Flat nails are characteristic of most primates, although claws occur on 
at least some of the fing ers and toes of the lemuroids. The skull always has a 
complete orbital ting, and the eye-socket may either be confluent with the 
temporal fossa or separated by a bony partition. There is always a tympanic 
fiulla formed by a flange from the petrosal with whidi the tympanic ring takes 
part in various wa3rs. These have some value in das^cation. 

The order is cmnmcmly di%dded into three sub-orders t the Lemuroidea, 
Tarsioidea, aiul Anthropoidea, but in this acrount the following condensed 
^n-angement is j^efened : 
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ORDER PRIMATES 

Sub-order ProMntU 
Infr»>order LemurUormes 
Families nesladapldse (Palseocene-Eocene) 

Adapida (Eocene) 

Lemurida (Pleistocene-Recent) 

Indrlda (Pleistocene-Recent) 

Daubentonllda (?-Recent) 

Infra-order LorUdformes 
Family Lorlsida (Miocene-Recent) 

Infra-order Tarsliformes ' i j 

Families AnaptomorpUda (Palaeocene-Oligocene) ! l 

Tarsilda (?-Recent) \\ 

Sub-order Anthropoidea ' ' 

Super-family Ceboidea (Platyrrhina) 

Families Ceblda (Miocene-Recent) 

Callithrieida (P-Recent) 

Super-fanily Cercopitheeoidea 
Family Cereoplthecida (Oligocene-Recent) 

Super-family Homlnoldea 
Families Parapitheeida (Oligocene) 

Pongida (Oligocene-Recent) 

Homlnida (Pleistocene-Recent) 

It need hardly be said that the above classification, like all others, will 
most likely be modified as new data emerge. 

Sub-order Prosimii 

The Prosimii are the more primitive Primates. In the Paheocene and 
Eocene they formed practically the entire order. They had a wide distribu- 
tion, many forms being known from Europe and North America. With the 
rise of the Anthropoidea in the Oligocene, the Prosimii were reduced in numbers, 
and are at present confined to Africa, Madagascar, and the eastern part of the 
Oriental Region (from Ceylon to Borneo). Three infra-orders may be distin- 
guished: the Lemuriformes (Fig. 516) now confined to Madagascar; the 
Lorisiformes (Fig. 518), from the continent of Africa and the Oriental Region; 
and the Tarsiiformes (Fig. 519)' represented to-day by a single genus from the 
E^t Indies. Fossils show that the Lemuriformes and Tarsiiformes were 
distinct g3X)ups even in the Palaeocene. 
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Infra-order Lemuriformes 


The tore share a number of generalised characters with the Tupaikte 
(p. 731). msectivores with whom they seem to have a common origin and which 
in fact, may be more appropriately placed in the Primates. 



^ Sub-order Pntimii. Infra-order Lemniifoniies. Family Ltumiriai 

an^o^^'th Lemur (£.. catia) is unusual in living among rocks. It inhabits southern 

to a • Madagascar where trees are stunted and few. The animal has adapted itself 

( at Th,r„ pnckly pears and often birds’ eggs. It is about the size of a 

8/,\ !, u fore-arm covers the antebranchial (’carpsa’) gland (see also 0 . 

(not shnwli **?*** limbs is a solid homy spur (not shown). Another gland, the brachi^ 

t the RM.^N and speci- 


eistocene fossils (e.g. Megaladapis) also occur. In Madagascar too (and in 
eistocene deposits) is found the allied Indri. Elsewhere, other allies occur in 
(N North American Palaeocene (e.g. PUsiadapis) and Eocene 

O’ ^^^***’ Adaiuda). In Madagascar also still survives the Aye-aye 

trotnys = Daubentonia), yet another lemuroid of annectant family, 
gn' Anthrc^idea, Lemuriformes show a number of distin- 

^is mg features, some explicable as primitive persistent characters, others 
^ oreal ad^>t9ti<ms, and others as specialisations peculiar to the lemuroid 
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line of evolution. Primitive characters include the low brain-case (with its 
macrosmatic brain and uncovered cerebellum), the confluence under the 
postorbital rim of the orbital and temporal fossae, the lateral instead of forward 
direction of the orbits (Fig. 517), the presence of four or even five etlunoturbinal 
bones (instead of the usual three), the backward extension of the jugal, the 
thickened hind border of the palate, the large nasal bones (wide at the back, 
instead of narrow and pointed), the uterus duplex, non-dedduous plaoaita, an 
entepicondylar foramen in the humerus and a third trochanter in the femur. 
The dentition is on the primitive trituberculosectorial plan, but subject to 



Fig. 317. — Lemur: Skull and d e n t i tio n. 


considerable specialisation in various forms. The procumbent lower incisors 
and incisiform lower canines are specialisations that have arisen within the 
group. The hands and feet are also specialised, in that the second pedal digit 
at least is always furnished with a sharp claw. The second finger is likewise 
always clawed. At least some of the digits have flat nails. The tympanic 
ring is enclosed inside the bulla, where it lies free, as in the Tupaiidse (Fig. 611). 
The aye-ayes (Daubentoniidae) are notable for their short skull, single pair 
of enlarged incisors and reduced pre-molars. 

Infra-order Lorisiformesl. 

The lorises are absent from Madagascar. They occur in Afiica (e.g. 
Galago, the bush-babies, and Perodicticus, the pottos. Fig. 5*8) ® 

(e.g. Loris, the Slender Loris of India), including the East Indies. They are 
poorly represented in the fossil record. The oldest known form is Progalago, 
from the Miocene of Africa. 

Though sharing many characters with the Lmurifcumes, and often group^ 
with them in a sub-order Lemuroidea, the Loridformes are distinguished in 
several waj^. Thus the ring-shaped tympanic is not tituated iaaide the bulla> 
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but is attached td its edge to form a short bony auditory meatus. The feOinwid 
(os plMum) appears in the medial wall of the orbit* Vibrissas are reduced. 
In addition to the pair of mammary glands on the breast a second pair is pTe^nt 
in the inguinal region. The eyes are enlarged and the face shortened, as in 
some Lemuriformes e.g. Indri, Also, as in Lemuriformes^ the lower canine is 
incisiform. 



Fig. 5i8.~>Order Piimatea* Sub-order Pronsiii, Infra-order Loiigitomeit Family LotisidaB. 
Ferodicficttff. This family, including the pottos (e.g. P. potto above), bush-babies, and lorises is 
Asiatic and African in distribution, the present genus being confined to tropical Africa. Pottos 
are nocturnal. The present species possesses a peculiar defensive armoury of sharp vertebral 
spines that project through the skin. (Note toilet claw (cf . Fig. 483, p. 696) . (From a photograph 
by Suschitzky.) 

The galagos are leaping forms in which the calcaneum and navicular have 
become greatly lengthened. This h^ also happened, to a lesser degree, in some 
Lemuriformes, e.g. Microcebus. 

Infba-order Taksiiformes 

The tarsiers, to<day represented by only one genus, Tarsiits {F%. 519) of the 
Last Indies, a^|>ear to have had a separate lineage dating ftom the Pateocene 
(Anaptomorphidje, e.f . T^omus, Anaptomorpkus) and were formerly common 
» both the Old and N«w Worlds. 
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Fio. 519. — Order Primates, Sub-order Prosiniii, 
Infra-Order Tusiitociiies, Family Taniidse. Tor- 
aiM*. Celebesian Tarsier (T. s^ecfrum). Tarsiers 
are rat-sized animals restricted to the Indo- 
Malayian region. They are essentially but not 
exclusively arboreal and inhabit rain-forests. 
Nocturnal and crepuscular (note orbits. Fig. 520) 
they cannot see well by day and generally rieep 
clinging to an almost vertical branch. They pro- 
gress by leaps, adhesion on impact being aided by 
peculiar digital pads (Fig. 607); the tad is not 
jnehensile. They eat insects and small reptiles 
(tree geckos) and crustaceans on which they spring 
rad capture by hand. Pre-r8th century natura- 
Msts sometimes placed these bizarre primates 
variously with opossums (marsupials) or jerboas 
(rodents). (From photographs.) 


Tarsiers are of ccmsiderable in- 
terest in that they have been 
claimed anatomically to occupy an 
intermediate position between the 
lemurs and the anthropoids, and 
opinions have differed as to whether 
they are merely moderately aber- 
rant lemurs or representatives of an 
ancient stock of remote affinity 
thereto. TamMs differs from lemurs 
and* lOrises in having thejj orbits 
(Fig. 520) directed forwards and 
almost completely separate^ from 
the temporal fossa, by the najeros- 
matic brain, and by single olf^^tory 
foramina. They resemble Lorisi- 
formes in the arrangement of the 
t3mipanic ring, which remains out- 
side the bulla and forms the tubular 
external auditory meatus (Fig. 61 1). 
The structure of the nostrils and 
upper lip is nearer that of the 
anthropoids than of the lemurs, the 
jugal does not extend so far back, 
and the carotid artery enters the 
bulla wall. 

There are specialised features 
which are sufficient to separate the 
tarsioids from the anthropoids. In 
the first place, the hind foot re- 
sembles that of Galago in having a 
greatly elongated navicular and 
calcaneum, a feature which occurs 
in all the early forms in which this 
structure is known, and one which 
alone is sufficient to prevent the line 
from being considered as directly 
ancestral. The digits of the hand 
have nails, as do all the toes except 
the second arid third, vdiich are 
clawed. The tibia and fibula are 
fused distally — a specialisation to- 
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wards its peculiar saltatory progression. The great enlargement erf the eyes 
(a specialisation for nocturnal habits) has caused considerable modification in 
the shai» of the skull and, though the retinae contain only rods, there are 
perhaps indications of a macula in the area where, in anthropoids, cones occur. 
The head in general is more monkey-like 
that of the lemurs. The enormous eyes have 
little mobility and in compensation the tarsier 
can rotate its head to a degree that enables the 
eyes to face backwards. The lemurine snout 
is replaced by a short face, with a relatively 
minute nose and large pinnae. The olfactory 
areas of the brain are reduced, as might be 
anticipated, but the brain ats a whole is large; 
the hemispheres, in accordance with the great 
occipital expansion correlated with unusually 
good vision, spread over part of the cerebellum : 
this last is relatively small and the mid-brain large. The placenta is deciduous 
and has similarities with that of higher forms. The external genitalia of both 
sexes are of primitive unspecialised pattern. 

Sub-order Anthropoidea 

The rest of the Primates — ^the monke}rs, apes, and Man — ^are included in the 
present group. Its precise origin remains in doubt, but fossils increasingly 
appear from the Oligocene onwards. Eocene remains are still unknown. 

In the anthropoids the cranium is expanded as the cerebral h^ispheres 
reach their greatest development. These overhang the cerebdlum and the 
medulla as well and the neopallium is generally markedly convoluted with the 
development of the Sylvian fissure, and the central and other suld. The 
occipital visual areas are notably well-developed. The optic tract exhibits a 
partial fibre-decussation ; the eyes are forwardly directed and vision is bino- 
cular ; the retina is variably, but often richly, supplied with cones and a macula 
lutea is generally present. The enhancement of the visual sense is corrdated 
with a corresponding reduction in olfactory reception. The nose differs from 
that of the lemurs. In lemurs the muzzle or rhinaiium has the primitive naked 
form, and the naxial orifice is continued laterally as in most mammals. The 
rhinaiium itself is hairless, and extends to the non-protrusible upper Up, which 
is restrained by a mucosal ligament. In the anthropoids the nostrils are com- 
pletely ringed round by naked skin : there is no moist rfainarium. The upper 
Up lacks a Ugament, and so is fredy protrusitde. The pinnae are reduced and 
generally are pressed to the head. The tympanic bone is united with the 
^uamosal. The ^[rfiincter oolU is differentiated into muscles that enable a 
new facial m<rf>Uity and pmnit the expresskm of ennie emotion (Fig. 521). 
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The upper molars consist of the trigon of three cusps, to whidr a fourth (hypo- 
cone) has been added. The cusps become joined by crests in various ways. 
In the lower molars the talonid and trigonid become equal in he^t and the 
paraconid is lost. There are nearly alwa}rs three molars, but in the Calli- 
thricidse the last one is lost. The bicuspid premolaj^ are limited to three and 
later to two on each side. The incisors lose their spike-like form and become 
broad cutting teeth. With the exception of the primitive marmosets (Calli- 
thricidx) the fingers and toes are all provided with flat nails and the pollcx 
and hallux are opposable. The foramen magnum tends to face downwards, 



Fig. 521. — Order Primates, Sub>order Anthropoidea: New World Super> family Ceboidea('= 
Platmliiiia) and Old World Super-family Ceroopitheoaidea (’b Catanilliiia, minus gibbons, apes, 
and Man). L^ft: Platyrrhine Spider Monkey (Family Cebidae). Right: Narrow- 

nosed Rhesus Monkey. Macaca mulatia (Family Cercopithecidae), (From photographs by 
Suschitrky.) 


instead of backwards, in accordance with a semi-upright or upright gait. 
Other important characteristics are the highly efficient haemochorial placenta- 
tion, a uterus simplex and the occurrence of menstruation. The last-named is 
not a widespread phenomenon. Although, common or perhaps universal in 
the Cercopithecoidea and Hominoidea, it is not nbiquitons in the Ceboidea. It 
occurs in Tarsius, but not in the lemurs (nmr in the tree-direw Tupaia, some- 
times included in the Prosimii). 

Menstruation has been suggested in the dermc^teran Colugo {Cynocephalus), 
as well as in the menotyphlan ElephafUulus. It has been repented , in bats. 
Phenomena claimed as menstrual have sometimes inroved to he moKiy cyclical 
^'even nim-cydical) uterine hsonorrhagee. raUier the sudlden.and total 
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destructioit of the uterine mucosa specifically at the endof tiie lutod ifiiase 
the oestrous tqnde (p. 896). 

The Anthropoid axe generally subdivided into two groups—tte Pladyr- 
rbina, or New World Monkeys, and the Catanhina from the Old World (Fig. 
j2i). There is, however, good reascm for the creation of three divisions and 
so we must abandon the classical dichotomy. 

Super-family Ceboidea (Platyrrhina) 

This includes two eiadurively New World (Central and South American) 
families, (i) Callithricidse (marmosets) and (2) Cebid®, composed of thecapuchins 
(Cebus), spider monkeys (Ateles) (Fig. 521). howlers {AlouaUa), woolly monkeys 
{Lagothrix) and others. Of these 'flat-nosed monkeys', with widely separated 
nostrils and a broad septum, some species are deceptively narrow-nosed {catar- 
rhine) in appearance. The Platyrrhina have probably been isolated since the 
Eocene, and although they are more primitive than the Old World monkeys, 
the two stocks are obviously very similar in essentials. However, the tail in 
platyrrhines is almost always primitively long and is sometimes prehensile, 
the thumb is relatively unopposable and three premolars are retained, whereas 
the second premolar had already been lost in the earliest known (Oligocene) 
catarrhines. The tympanic ring is united with the petrosal. It resembles that 
of the lorises, whereas the t3rmpanic bone of catarrhines is tube-like and re- 
sembles that of the tarsiers. A large bulla occurs ; this is absent in catarrhines. 
Within the group there is only the faintest suggestion of menstruation. The 
howlers have developed a huge ossified laryngeal chamber that acts as a 
resonator. 

Ceboidea are represented in the South American Miocene, but possibly 
very significantly, they remain undiscovered in North America, a fact that has 
led to the conjecture that they may have arisen independently from a once 
widespread tarsioid stock. 

Super-family Cercopithecoidea 

Early last century, Hemprich grouped the Old World monkeys, apes, and 
Man as the Catanhina or narrow-nosed Primates, as opposed to the Platyrrhina 
of the New Wmrld (see above). However, the Old World mcmkeys, which form 
the family Cercopithecid®, stand apart from the other catanhine forms, and 
have been placed by Sin^pson in a separate super-family. 

The Ceroc^thecoidea resemble the Hominrndea (see below) and differ from 
the Ceboidea (a Flatjnrrhma) in the reduction of the premolars to two, in the 
presence of a long tribular bony auditory meatus (Fig. 6xx, p. 853), and in the 
reduction of the turitanals and fossae (allowing of close-set nostrils). The 
thumb is rqppoiindfie, except in the guerezas (Cofoias) where it hats atrophied, 
^ey are mcwe |Rimitive the Hrmaruudea in the possesrion of a tail , which is 
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often long, but never prehensile. In some forms, such as some of the macaques 
or rhesus monke3rs (Macaca) and the mandrill {MandriUus), the tail is short. 
Ischial callosities (areas of bare skin on the buttocks, often brightly coloured) 
are well-developed. Cheek-pouches are present, except in the guerezas and 
the langurs {Semnopithecus), which have complex lobulated stomadis. The 
molar teeth have four cusps, which are arranged in two pairs, united by cross- 
crests (bilophodont). Most cercopithecids are arboreal, but many are habitu- 
ally terrestrial, e.g. baboons {Papio). On the ground they walk on all fours in 
a planter ode manner. 

Cercopithecidse were present in the African Miocene and perhaps earlier. 
By the Pliocene several living genera can be recognised. , I 

Super-family Hominoidea 

The extinct Egyptian Oligocene Parapithecidae and the extant .apes 
(Pongidae) and Man (Hominidae) are now separated from the other narrow- 
nosed Mthropoids as a super-family Hominoidea. They differ from the 
Cercopithecoidea in several respects. The tail has disappeared. The thorax 
is broad, with a flattened ventral surface, the sternum having become short and 
wide, whereas in cercopithecoids the thorax is narrow from side to side as in 
most mammals . The lumbar region of hominoids is shorter than in cercopithe- 
coids, and there are only 4 or 5 lumbar vertebrae, instead of 6 or 7. The brain 
is proportionately larger than in cercopithecoids. Ischial callosities have 
disappeared except in the gibbons, and cheek-pouches are never present. The 
hair on the forearm points towards the elbow instead of towards the wrist. 
The molar teeth are characterised by the retention of an oblique crest from the 
protocone to the metacone, a survival from the tritubercular stage (p. 865). 

Family Pongid^ 

The Pongidae are to-day confined to the widely separated forests of Africa 
{Gorilla (Fig. 522) ; and the chimpanzee. Pan). Southern China, Indo-Malaya 
{Hylobates, gibbons), and the East Indies west of Wallace's Line {Pongo, the 
Orang-utan). They are specialised in the elongation of the fore-limbs, which, 
especially in the gibbons, are used in swinging from branch to branch {brachia- 
Hon). Gibbons can walk in an upright position using the fore-limbs as balanc- 
ing rods, but all other apes use their long forearms as crutches to help swing the 
trunk over the ground. 

The Pongidae are represented from the Lower Oligocene by tihe Egyptia® 
PropUopithecus. Several apes occurred in the Lowm: Miocene of East Africa, 
of udiich LitnnopUhecus appears to be related to the gibbons, udiile Proconsd 
and Sivapithea*s represent the great apes. Limb-bones of lAnmopUheats and 
Proconsul show, however, that the brachiating habit had not bewr developed at 
that tune, and the Imain of Proconsul was prabaUy more primitive than in 
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existing Several forms of ape have been found in the Ifiocene and 

pliocene of Europe and India (Pliopithecm, Dryopithecus, SimpUhecus etc,). 
Ofeopithem^, from the Lower Pliocene of Italy, resembled Man in the small size 
gf its rfftiinft teeth. A much greater resemblance to Man is shown by the 
South African, possibly cave-dwelling, Australopithecinae. These were ahnost 



Fig. 522.— Order PiiBiatai. Sub-order AatiiZOpoUaa, Supw-famay F aa^ 

Pongiia. OoHUa. and heaviest of the pri^ti^ G^ 

reaches a height of about six feet and a weight pXgunwma. 

territoriaUamily groups (loto isaaimals) dominat^by M old malew^ P 
A mixed diet includes fniit, foliage, and seeds. Co***^ to poputal^f. gonllas gen yp 

to retreat if the human intruder stands his ground. (From photogiapns.) 


certainly bipedal, and approached man in the pelvis and the form of the ^th. 
They are regarded by many as primitive members of the family Homuudae. 


Family Hominid* 

The third family, the Hominidse (if the Australopithednie ^ 
consists of only two genera— the extinct Pithecanthropus (^Stnan^^h 
including the Java and PeWn ‘men', and the genus Homo, first idmtifiabte m 
the Pleistocene, containing two species, H, neandertiudensis and H. saptens. 
The only surwving qiecies is H. sapiens which embraces all the known races 
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of men— negroid, mongoloid, australoid, and Caucasian, ineqwcthre of colour 
and other supeificialiti^. 

Until recently, a third gmis, Eoantkt^apus was recogiused by most (but not 
all) authorities on the evidence jnesented by fragments of a skuH and part of a 
lower jaw discovered in Pleistocene gravd at Piltdown in Bngland. A few 
workers (e.g. Waterston and Miller) claimed that the jaw bore too great a 
resemblance to that of an ape to belong to a skull of sucb considerable cranial 
capacity as the one with whidi it was associated and, in fact, asserted that 
although the skull was human, the mandible was simian. 



Fig. 523. — HtominoUea: Hm Stnuton and d s atit i e B ia OtniUm aad Homo. Left, Cortlh 
(Pongidse) : The most anterior part of the face is formed by the premaxilla. The two elongated 
dental arcades are almost parallel and the incisors project markedly. A diastema is present. 
Right, Homo (Hominidae) : In Man alone among the Mammalia the premaxilla, although distin- 
guishable on the palate by a premaxillo-maxillary suture, does not form an independent part of the 
face (as pointed out by Vesalius). Opinion is divided as to whether the premaxilla is overgrown by 
the emt^onic maxillk (Wood Jones) or whether it is lost as a distinct facial dement b^ause of 
the fusion of both bones during early development. The general shortening of the dental arch 
in Man is, despite a certain broadening, associated with reduced tooth-size in a continuous series. 
Other dental characteristics in Man are the small size and frequent absence of the maxillary 
lateral incisors, the small, sexually undifferentiated canines, the reduction and arrangement of 
premolar roots, and the often crowded, relatively small molars. (Redrawn after Wood Jones.) 

In 1953 exhaustive inquiries by means of modem fluorine-determination 
and other tests showed that the cranial fragments are probably of Upper 
Pleistocene age, but that the mandiUe is unquestionably that of a modem 
ape. The teeth of a yoimg animal had been artifidally abraded to amulate 
those of an adult man, and the jaw-bone had been stained by item salts and 
potassium dichromate. Fragmmts from a second rqmted individual were 
proved also to be fraudulent, as also were all^^ haj^ements ioimd nearby- 
Inevitably the uiunasking of this now-frumras fraad was by funds* 

mentalis ts toattwnpt to discredit afl researdres revealhigtlieevuiiirimr of Man- 
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Actually, the msore of ‘Eoanthropus* darifies die ^falem dE httinan 
incestiy. The woik that led to the unmasking of the Piltdown fraud (see 
tVeinrar) was undertaken laigely because the mandible and teeth of Eomih 
hroptts could iK)t be reconciled with those of indubitably genuine modem 
finds'. 

Man, the sole living representative of the Hominidse, differs anatomically 
Tom all other primate mammals in the fdlowing (among other) particulars : 

(1) in his habitual bipedal orthograde posture and its associated morpho- 

logical and physiological specialisations ; 

(2) in his distinctive external body-form, determined partly by the 

locomotor system, partly by subcutaneous fat ; 

(3) in the peculiarities of hair distribution and hair tracts. 

(4) in the primitive morphological simplicity of the external genitalia 

in both sexes and the absence of 'sexual' skin, baculum, anH 

ischial callosities ; 

(5) in the small canines which show very little sexual differentiation and 

do not project beyond the other teeth, but bite edge to edge like the 

incisors. 

(6) in the lack of the premaxilla (os inctsivum) which does not persist as a 

separate post-natal skeletal element. 

(7) in the absolute size and stmctural complexity of the cerebrum. 

(8) in the uniquely prolonged period of infancy and childhood and the 

slowness of skeletal maturation. 

Man alone performs true ('heel and toe') walking: the arched foot was 
evolved for support, not prehension ; the hallux carmot be abducted and is 
never a potmtial 'thumb'. ‘The skull is balanced upon, not slung from, the 
spinal column, and the foramen magnum looks downwards and forwards; 
the balancing muscles attach to relatively little of the skull base, hence the 
occipital r^on {arotrudes. 'The large nasals remain permanently discrete : 
early in ontogeny the premaxilla becomes incorporated with the descriptive 
'niaxilla', so that a premaxillary-maxillary suture is lacking. The facial 
skeleton does not protrude muzzle-wise: the external nose and chin are 
prominent. The teeth have the maxillary premolars single- or double-rooted 
(triple-rooted in cercopithedds and anthropoid apes) and the mandibular pre- 
molars generally su^^te-rooted (double-rooted in cercopithedds). A philtrum, 
superior labial tuberde and everted lip-maigins dimacterise the face, 
^arse body-hair is ennfinad to the scalp and beard areas, the eyelnows and 
eyelashes, the dm pul^ region ; and the di^x^tion of hair tracts is 

much unlike that of anthnqxnd aq)es. Subcutaneous fat helps to mould the 
. contour,.«^>eddly in tlK female, wherein the mammae, even uhen non- 
I ^ctating, axepiiophimt furfaoe features. 
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Postnatal development is extremely protracted, the successive periods 
of infancy, diildhood and adolescence being unparalleled among mammals, 
Skeletal maturity is not attained until about the tw«ity-fifth year. This 
protracted period of dependerrce and immaturity is pre-eminently one of 
learning, permitting the acquisition of physical skills and the development of 
the specifically human intellect. 

For Man is, uniquely, the rational animal, capable of forming abstract 
concepts and of enunciating his thought in articulate speech. Correlated 
with these higher faculties, and constituting the machinery of their expression, 
is the absolutely large and structurally complex cerebrum, with its character- 
istically extensive association areas and its intfifiacy of fibre-connexion|| 

Skeleton of the Primates. — ^The atlas is ring-like, the odonto^i^ sub- 
conical. The spines of the cervical vertebrae are usually well-developS^d and 
simple. In Mam they are short (with the exception of the seventh) and 
commonly bifid. In some forms they are trifid. The number of thoj-aco- 
lumbar vertebrae is usuailly nineteen, but there are only seventeen in Man, 
the Gorilla, and Chimpanzee, aind sixteen in the Oiang. In some lemurs there 
may be twenty-three or twenty-four. The number of sacral vertebrae varies 
from two to five. The sacrum of Man, which comprises five ankylosed verte- 
brae, differs from that of other Primates in its greater relative breadth and in 
its backward curvature : it forms a well-marked angle (sacro-vertebral angle) 
with the lumbar region, am angle much less pronounced in other primates. 
The number of caudal vertebrae varies with the length of the tail — from four to 
about thirty-three. In Man there are but four vestigiail caudal vertebrae, 
ankylosed to form the coccyx. In all forms wherein the tail is well developed 
chevron bones aure pres«it. 

The humam skuU (Fig. 524) presents a matrked contrast in certain respects 
to that of other mammals, but in some points is approached by that of the 
Simiidae. An obtrusive characteristic of the human skull is the lau^e size of the 
brain-caise, the cubic content of the denial cavity averaging 1500 cubic centi- 
metres in the European made. This great development is most marked in that 
pairt of the cavity which lodges the cerebral hemispheres, in aulaptation to the 
lauge dimensions of which the cramium bulges out both amteriorly and posteriorly 
to such am extent that the entire length of the cavity ^eatly exceeds that of the 
batsicramial axis. A result of the posterior bulgiitg of the braun-case is that the 
foramoi magnum (/. m.) is no longer situated at the posterior extremity of the 
skull as in other mammals, but aissumes a position farthd: forwauds towards the 
middle of the base. The amterior expan^n,.causing a stnmg arching forwards 
of the frontal region, brings about an alteratiam in tlw positkm of d»e ethmoid^ 
cribriform plane. Instead of being perpendiculau’ or indined to the bssi* 
cranial aucis this becomes horizontal, and forms the middle part of the floot 
of the anterior cranid fossa. The fossa for lodgmeuT rd die oeMbdloni lies 
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entirdy health the ^terior portion of the cerebral fossa ; the olfactory fossa 
is comparativdy small. ^ 

The outer cran^ surfat» is smooth and rounded, devoid of any prominent 
ndges or crests. The ocapital crest of lower.mammals is represented merdy by 



disDla^Prt liywd WNttahu. Juvenile (at first dentition) with man diblp 

P ^ ® ^ **?, The lettering reads clockwise from the Upper jaw : 

"!S”***‘ maxillo-turbinal; £r. ethmo-turbinal; ME^os^ed 

ffw winrof'th^’{IJiI.«’-.i^“:f T mesethmoid; OS. orbitosphenoid, or 

^ ^hmoid ; AS. aJisphenoid or greater wing of the sphenoid. Fr. frontal; 

portion of the periotic; Sg. squamosal; Per. 
mel?r ?S- ?** the foramen below the end of the line is the internal auditory 

th» the sm^ depression above it is the nearly-obliterated floccular fossa. ExO. exocdpitaf, 
soheinM?®'?’” n* 2*® fo«n»en: /m. foramen magnum; BO. basioccipital; SS. baa- 

of the anh.2' ^2?* £5. prwphenoid, ankylosed with the basisphenoid, forming the ‘body 

Phvsfs ‘1^1 P‘*ty8°td: Pi. paUtine; Vo. vomer; Mx. maxilla. Lower jL: s. sym- 

Si. co«»“o>d process; cd. articular condyle; a. angle. Nyoid apparatus; 

basihvai Pr^e®* of temporal’; ch. ceratohyal, or lesser cornu of hyoid; M. 

ayai, or body of hyoid ; ih, thyrohya!. or greater cornu of hyoid* (After Flower.) 


^ rough raised fine — ^the superior curved line of the occiput« The paroccipital 
are i^resented by slight eminences only^the jtigulmr emnences. 
is no uuditory bulla ; the mastoid portion of the periotic projects down- 
wards as a prominent mastoid process. The periotic, tjmipianic. and squamosal 
y fuse into mie bone — ^the temporal bone. The post-g^enoid process is very 

s 'S tly devdoped.. The whole facial region is relatively small. The (urtuts, 
voL.n. . ® A<» 
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which a« of moderate size, are directed fon^ ; are com- 

^““and a plate of bone, developed partly from the jugal, partiy feam the aU- 
sphenoid, almost completely cuts them off from the tempor^ fossae, leaving 
only a ^all. but characteristically wide, aperture of ccanmuiilcation— the 
spheno-maxiUary fissure. The interfrontal suture usually disappears early. 
The p^sais rarely fuse in post-natal life. The suture between the premaxilla 
and the ma-Killa becomes obliterated early in foetal life, so that the entire upper 
jaw appears to consist of a single bone. A peculiar spine, the nasal spine, is 
developed in the middle line below the nasal opening. The most marked feature 
of the mandible is the presence of a prominence, the mental prominence, in the 
lower part of the sjnnphysial region (S.). The stylohyal nearly always be- 


comes fused together with the tjntnpanohyal to the periotic and t3uitoanic, 
giving rise to a slender process, the styloid process {sh.) which projects ylown- 
wards from the base of the skull. ' 


None of the other primates has a cranial capacity approaching that of 
Man. Therefore, in them those modifications in the shape of the skull which are 
the concomitants of the great development of the human brain are accordingly 
not recognisable, or are much less strongly marked. The various fossae of the 
cranium, however, as a rule occupy the same relative positions as in Man. 
The cerebellar fossa is entirely beneath the cerebral. The ethmoidal plane, 
and that of the foramen magnum (occipital plane), are usually both horizontal 
or nearly so. In all the Pongidae, with the exception of the orangs, the frontals 
meet in the middle line below, over the presphenoid. In many monkeys the 
outer surface of the cranium is smooth and free from prominent ridges. In 
others, as in the baboons, the Orang, the Gorilla, and the Chimpanzee 
there are strongly developed occipital, sagittal, and supraorbitad ridges. 
These are usually much more prominent in the male than in the female and 
increase in size with age. The paroccipital processes are always rudimentary, 
but there are well-marked post-glenoid processes. The mastoid does not form 
a distinct mastoid process in many forms. In the Cebidse and marmosets 
alone is there a tympanic bulla. The entire facial region is relatively larger 
than in Man; the premaxillo-maxillary region is always more prominent, 
and in the baboons projects forwards as a distinct muzzle. The orbit is 
separated from the temporal fossa as in Man. The nasals are usually fused in 
the adult. The nasal spine is never devdoped. The suture between the pre- 
maxilla and the maxilla becomes oblit«ated, if at all, only in old individuals. 
The mental prominence of the nuuufftde is never developed, tite anterior 
surface of the symph 3 rsial region slofung badcwards and downwards from 
the alveolar margin. The stylohyal never gives iik to an oaified styloid 
process. 

In the ^ull, as in many other respects, the fesimrs occupy an intermediate 
position between the high^ Primates and ^ lower mders oi mamtiwls. The 



PHYLT511 OIOSDATA 




{•aa 

1 ^^ 


fm 






canm!^* fataMiloii of JViflobalM tni Homo. a. astragalus (talus) ; «a. cal- 

ls v* carpus; «/* clavicle; C 0 , coracoid; j|l. fibula; k, femur; Au. humerus; ilium; 

metacarpals; ^.patella; pubis; ra. radius; sc. scapula; si. sternum; 1. 
u.ttlna. (After Young.) ^ ^ 
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occipital and ethmoidal planes are usually vertical. The tympanic fotxns a 
large bulla. The orbits, which are large, are usually separated from the tem- 
poral fossae by a narrow rim of bone only. The lachrymal foramen is situated 
on the face outside the margin of the orbit. The facial region is usually 
elongated, and may form a prominent muzzle. 

In all the Primates the clavicle is complete (Fig. 525), and in the scapula the 
spine, acromion, and coracoid process all are well developed. In Man and 
the higher apes the glenoid border of the scapula is much longer than the cora- 
coid border. In the lower monkeys, on the other hand, these borders are nearly 
equal. The humerus is comparatively long and slender ; the tuberosities and 
ridges are not, as a rule, very strongly developed.* In Man and the app the 
bone is twisted around its long axis ; in the lower forms this torsion is aosent. 
In Man and the higher apes the foramen above the inner condyle is absent but 

it is present in many of the American monkeys ahd in 
most lemurs. Characteristic of the ulna of Man and 
the higher apes is the small upward extension of the 
olecranon process. The radius and ulna are discrete in 
all. In the higher forms the shafts of the two bones 
are bent apart, a wide interosseous space intervening 
and facilitating considerable freedom of pronation and 
supination. In the carpus (Fig. 526) the scaphoid and 
lunar are always distinct, and a centrale is present in 
all except some of the lemurs, the Gorilla, Chimpan- 
zee, and Man. A pisiform is present, and in most a 
radial sesamoid. As compared udth that of the other 
Primates, the carpus of Man is short and broad; 
the trapezium has a saddle-shaped articular surface 
turned somewhat inwards. In Man, the Chimpanzee, 
Gorilla, and Orang the carpus articulates exclusively with the radius. In all 
the others it articulates also with the ulna. In Man the pollex has a re- 
markable and characteristic freedom of movement in opposition to the other 
digits. 

The pelvis of Man is remarkable for its relative breadth, for the expanded 
form of the ilia and the deep concavity of their inner surfaces, and for the short- 
ness of the pubic symphysis. In the higher apes some of these features are 
recognisable, though less pronounced ; but in the lower apes the ilia are long and 
narrow, and usually curved outwards. In the Old World monkeys the tubero- 
sities of the ischia are strongly everted and roughened for the attachment of the 
ischial callosities. 

The tibia and fibula are well developed and discrete in all. In neariy all the 
hallux (owing to the form and direction of the articulation between it and the 
internal cuneiform) is c^posable to the other tti gits- This converts the foot into 



Fig. 526. — Papio! 
CarpuSt Baboon, ce, 
centrale; c. cuneiform; /. 
iunare; m. magnum; p. 
pisiform; r. s. radial sesa- 
moid; s. scaphoid; td. 
trapezoid ; tm. trapezium ; 
n. unciform. (After 
Flower.) 




Fig. 5^7-—-Pri9naie8 s Coinpantiva anatomy Ol pei. Foot of Homo, Gorilla, and Pongo at the 
same absolute length to show the difference in proportions. The line aW indicates the boundary 
between tarsus and metatarsus; b'b', that between the latter and the proximal plialanges; and 
e'e' bounds the ends of the distal phalanges; as, astragalus; ca, calcaneum ; sc. scaphoid. (After 
Huxley.) 


Order Dermoptera 

A single Oriental genus. Cynocephalus (= Gcdeopithecus) (Fig. 528), with- 
only two species, forms the family Cynocephalidx (= Galaeopithecidae) or 
‘flying lemurs’. 

The ‘fljdng lemurs' do not fly and are not lemurs : 'Colugo' is therefore 
a better group name. 'The colugos are quite distinct and are aberrant ‘insec- 
tivoran’ derivatives. They have close affinity with the Chiroptera within 
which group they have sometimes been included. 

The most noticeable character of Cynocephalus is the hairy, muscular 
: parachuting membrane ox patagium which extends from the neck to the manus 
(embracing all the digits) and down the sides of the body to the ankle, and 
thence to the tip of the moderately long tail. It may be compared to the 
similar, but not idoitical, structures in the gliding marsupials and rodents. 
Jiie brain, like that of the 'insectivores,’ is primitive in being macrosmatic, and 
w having the corpora quadrigemina uncovered by the cerebrum. The denti- 
tion is peculiar. The lower incisors are procumbent and comb-like, the molars 
multicuspidate. ^e bulla is formed by ttie tympanic ring, which also forms 
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the lower border of the spout-like external auditory meatus, in several 
characters the Deimoptera agree with the fniit-bata, the Tupaiidae, and the 
lemurs, but how far these characters are merdy convergrat is iadetermmate in 
the present state of knowledge. The order appears to have had a separate 
line of evolution from the Lower Eocene (cf. Pk^iomeHe and its allies). 



Fjc. 528. — Order Demiopteia, Family QynoeaplialMlB. Cywoet»a«fiM. The CoIuro or ^ 
called Flying Lemur (C. variegatus) does not fly and is unrelatM to the lemurs. This East Indies 
form, which shows certain ' insectivoran ' (p. 725) affinities, possesses gliding membranes that enclose 

neck, limbs, Sind tail. The feet, too, are webbed. Jonmeys of up to 70 yards, sometimes with the 
baby clinging to the mother’s ventral sur&ce. are msUle. Like other mammalian gliders {e.f 
Fig. 498, p. 717) the Colugo turns sharply upwards as it reaches its target, thus presenting a flat 
surface at the point of impact. Strictly nocturnal, the Colugo lives admost entiray on fruit and 
leaves. The second surviving species (C. vohms) occurs in Ae PhUlipines (From a pbotogiapa 
by Walker, smd skins from B.M. (N.H.).) __ 


Order Chiroptera 

The Chiroptera or bats (Fig. 529) am the only mammals oa^Mible of true 
flight. The fore-limbs have the s^meats greatly denoted (especially the 
fore-arm and the four ulnar digits), and these sv^qport a thin mendaunous 
of the integument which stretches to the faiad-&nh8 and constitu^ the w^- 
Curious arterio-venous connexions in the wings allow r speedy . throogh'fl®'^ 
and a considerable short-circuiting of the captBaiy bed. The stesimin is kedfl)^ 
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for the atta<ihinMit of the lamge pectoral flight muscles. The great devc^i^Jiieat 
of these nuisdes is sometimes associated with an axillary ot even a dAffal 
(lisposition of the mammary tissue. 

There is crften a cartilagmous rod [calcar) attached to the inner side of the 
ankle whidi hdps to support a second membranous fold (inter-femoral mem- 
brane) extending between the hind-limbs, and sometimes involving the taiL 



Fig. 529. — Order OUnptm. Sub-order Messohiroptwa, Family Ptan^dn. PUroptu, The 
nocturnal, lai^eyed firutt-tiats or flying-foxes of Indo-Malaya and Australasia (excluding New 
Zealand) congregate noisUy day in 'camps* that sometimes contain hundreds of thousands of 
l>ats. They use both thumb wad pedal claws while feeding and changing position in camp. 
The biggest spades (e.g. P. gigantrus) are as large as a small cat and have a wing-spread of about 
five feet. They hre nomadic Treats, following the fruit-crops, and eating flowers as wdL (Partly 
alter a photograph by Suachitaky. and B.M. (N.H.) sldns.) 

ulna is v^tigial. The poUex, much shorter than the other digits, is 
directed forwards, terminates in a well-developed curved daw. In the 
^egachiropt^, hat not in tfafl Microchiroptera, the second digit is also usually 
<^wed, but thfl other d^fs are always dawless. The position of the hisd- 
iiinbs is pecuUar.. Each is rotated outwards so that the knee is directed badc- 
^ds instead of fotWMds as in other mammals. The five pedal d^ts are all 
provided wrtti etwws. So complete is ihs adaptation of the Ihnbs for fli^t and 
Sponsion and trees) that bats are <mly alflo to shuf fle along with 
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great difficulty on the ground. In the Megachiroptera the muzzle is nearly 
^ways elongated, and the pinna of the ear simple. In the Microchiropteia 
the muzzle is generally short, the pinna usually complicated by the presence of 
an inner lobe or tragus, and often produced into remarkable arborescent ap- 
pendages. The nose is also often provided with elaborate leaf-like or arbores- 
cent lobes (Fig. 530). The body is usually covered with soft fur, except in one 
group of Microchiroptera in which the integument is practically naked. The 
tail is sometimes short, sometimes well developed. In the Chiroptera the 
cerebral hemispheres are smooth and do not overlap the cerebellum. The 
olfactory centres are reduced as in the generality of flying animals. The 
dentition is complete, heterodont and diphyodent. The milk teeth are small 
hooked structures which help attach the young to the mother. The p^nis is 
large and pendent. The testes are abdominal but may descend seasonal!^, and 
often unilaterally, to a prominent situation in the groin. The uterus is ^^ple 
or bicornuate. The placenta is deciduous and discoidal in the example studied. 

Sub-order Megachiroptera 

These are generally big frugivorous Chiroptera with large eyes, long snout, 
without foliaceous nasal or auricular appendages and with the second digit of 
the manus usually ending in a claw. The tail, when present, is not enclosed in 
the inter-femoral membrane, but lies below it. The crowns of the molar teeth are 
devoid of sharp cusps. This sub-order comprises the fruit-bats or so-called 
flying-foxe.> (Pteropus) and other genera from the tropical and sub-tropical 
parts of Asia, Australia, and Africa. Indian and Australian fruit-bats 
(PteropHs) may have a wing-span of some five feet (Fig. 529). 

Sub-order Microchiroptera 

These are widely distributed, small, mostly insectivorous, Chiroptera 
usually with a short snout and, frequently, foliaceous nasal and auricular 
appendages. The second digit of the manus is always clawless. The tail when 
present is at least partially enclosed in the inter-femoral membrane. The 
crowns of the molar teeth have typically sharp cusps. 

The sub-order includes all other bats (e.g. Vespertilio, Miniopterus, Rhino- 
lophus, Desmodus (Fig. 530) and DiphyUa (true vampires) and dozens of other 
genera). The little insectivorous forms have generally relatively small eyes, 
but they are never blind. They fly with assurance in apparently totally dark 
caves and in experimentally blackened rooms by means of an edho-location 
apparatus analogous to the sonic depth-sounding devices of Man (cf . the radar- 
like direction-finding apparatus of fishes, p. 335). Blindfolded bats do not 
collide with objects placed in their line of flight. As early as the late i8th 
cmitury Spallanzani showed that only when the ears are obstructed do bats 
strike such obstacles, but it was not until 1920 that Hartzidge sug gested that 



PHYLUM CHORDATA 


757 


they might find their way by means of echos from idtrasonic squealdug. 
Recent work with Myotis has revealed that bats can indeed appreciate fre- 
quencies as high as 100,000 cycles (cf. Man, with an upper range of about 20,000 
cycles) and that only if both ears are left unobstructed do they successfully 
avoid wires stretched across their path. Efficiency varies in relation to the 



Fic. 530.— Order Ohinptefa, Sub-order HioraehizoptMa: Feedinc sdaptatkmh i. Myotis 
(Family VespertUionidaB) of North America, a generalised insect-eater. 2. ChesronyOens 
mexicana (Family Phyllostomatid®), a tropical American form that lives mostly on n^tar 9 ,nA 
pollen. It has a long snout, tactile vibrissae, and brush tongue (cf. Fig. 426, p. 621 ). 3. Desm^us 

fotundus (Desmodontidae) , a tropical American true vampire which feeds on vertebrate blood. The 
flattened muzzle enables the highly specialised blade-like teeth deftly and alnaost paintesly to 
operate on the sleeping host Below are shown a sharp, narrow upper incisor (i*) and canine (c>. 
A small depression & scooped in the skin from which blood seeps i this is transfcited by the vampire s 
tongue. The stomach is reduced. little heavier than house mice, D. rotundus and its alhes are 
unique among bats in their ability to move with gentle agility on a horizontal surface, (Redrawn 
after Wimsatt, Gregory.) 

thickness of obstacles. Further, the more numerous the wires, the higher 
hecomes the rate of vocalisation. The chiropteran apparatus of vocal emis- 
sion, auditory Tec^>tion and muscular reaction has evolved to a refinement 
that enables scane species to turn sharply aside from obstacles less than 
ten indies distant. RousiUus, one of the large-eyed fruit-bats also possesses an 
: ^<*0 locatkffi device. There is, incidentally, evidence that the nocturnal, cave- 




ZOOLOGY 


7S8 

nesting South American nightjar Steaiomis earipensis (Fi®, 446, p. 643) guides 
itself by means of echo-location in a manner broadly comparable with that of 
bats (Griffin). 

Among the Microchiroptera is the family Desmodontidae which are true 
vampire bats from tropical America and the West Indies. Of these, Desmodm 
(Fig. 530) and DiphyUa live solely on vertebrate blood. Desmodus pmnlessly 
scoops out a fragment of skin, exposing the capillaries with its obliquely 
flattened, razor-edged upper incisors, thereafter licking up the oozing blood. 
The oesophagus is narrow : the cardiac part of the stomach is expanded as a 
diverticulum, but the pyloric portion is small. In legend — and often in modern 
travellers' stories — the vampire is generally clahilM to be a large anin^, but 
D. rotundus, the commonest species, is a mere three inches long. Destno^s has 
in the past sometimes been sufficiently troublesome to livestock to cai^ the 
abandonment of settlements, and is the proved carrier of a form of rabies which 
may prove fatal to Man and domestic animals. 

Often confused with the true vampires are the spear-nosed frugivorous, yet 
unfortunately named Vampyrum (= Vampyrus), and the long-tongued 
Glossophaga, both of which are harmless to Man. Vampyrum was so named in 
1815 before the identity of the small, less conspicuous, blood-suckers was re- 
vealed. The archaic expression vampir originally referred to the hypothetical 
‘ soul ’ which allegedly left a dead human individual to feast at night on the blood 
of living men. These belong to the Phyllostomatidz. 

Although the Microchiroptera are, excluding rodents, among the commonest 
mammals, their small fragile bones are rarely preserved as fossils. It is of 
great interest therefore that Palaochiropteryx, one of several genera from 
the Eocene of Europe, seems already as fully developed as any of the 
Microchiroptera. Zanycteris (known only from its teeth) may carry the 
sub-order as far back as the Palaeocene, but it is probable that it and its 
congeners are really insectivores of uncertain affinity. In all, 17 families of bats 
are recognised. 

Skeleton of the Chiroptera (Fig. 53X). — ^The corvical region of the vertebral 
column is characterised by the absence of distinct neural spines, and the same 
holds good to a less extent of the trunk-vertebrae. The tramsverse processes of 
the lumbar region are also rudimentary. The tail varies in (krvdopment. 
When it is elongated the component vertebrae have long, cylindrical bodies 
without processes. Sagittal and occipital crests are developed in the skull of 
some species. The facial region is rather elcmgated, eq)ecially in the Mega- 
diiroptera (Fig. 529). Postorbital processes <rf the hcootal inay be |wesent or 
absent. The zygoma is long and slender and the malar small and applied to 
its outer surface. The long and narrow are in acme cases mdted the 
piemaxillae are small and absent in one of the false vwni^res (Mflgadermatidse)- 
mandible has an angular process in the but not in the 
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l^egscbiropterai. The segments of the sternum are sometimes distinct, smne- 
times united. The {nestemum has 

a mesial, keel developed in co- C 

ordination vdth the great size of the r 

pectond muscles. The st^nal ribs | 

The scapula is large and oval in M y 

shape. The spine is near the an- ^ fl I 

terior margin. The postscapular ^ jl I 

fossa is ridged for the origin of M 

muscular fibres. The spine has ^ M I iwyll^ 

a well-developed acromion. The m IB |m 

coracoid is elongated and in some lIV IhV 

cases bifurcated. The clavicle is JjPw jMa . I ^ 11 1\ 

long. The procoracoid is repre- FjMbfVa I jm 111 i 

sented by a separate ossification; j |j|il 1111 

there are rudiments of the sternal a / H I 1111 

end of the coracoid between the m / m \ lllv 

clavicle and the first rib. The i |A 1 1111 

humerus and radius are both elon- \ a 11 I M 

gated. The ulna is reduced, and is H I 

sometimes represented by its proxi- I I \ I 

mal end only, ankylosed with the | 1 VI 

radius. A large sesamoid is de- I \ \\ 

veioped in the tendon of the triceps I \ \\ 

muscle near the ulnar olecranon pro- J 1\ 

cess. The carpal scaphoid and ^ / \ 

lunar are united, and sometimes j | 

the cuneiform, too, is united with / / 

them. The pisiform is small. 

There is no centrale. The ui^al 
phalanges are absent in the nailless 
digits, l^e pelvis is small, and the 
symphysis pubis often deficient. 

The fibula is sometimes wdl- 

developed, sometimes rudimentary. / 

The tuba: calcamei is an inwardly j 

curved procott of Ibe cakaneum, J 

attached to whkdi means of y 

Mgamentous fibzes) is a slendo: 

of bone m cartilage, the calcar wfaidt supports the inter-femoral 
Membrane.' 


Ftc. 531— nmwima; 8 M«toe. Fruit bat; see also Fig. 529. (After KainviUe.) 
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Order T^niodontia 

This order, of which representatives are known from the Paheocure 
{Conoryctes, Eciogant$s, Onychodedes, Psittacotherium, etc.) to the Middle Eocme 
(Stylinoion). is, like the tillodonts, a very obscure <me. It has no representa- 
tion after the Eocene. 

Earlier forms were primitive and somewhat insectivore-like, with a complete 
dentition and enamel-covered teeth. Siylinodon, the last mid-Eocene survivor, 
showed more distinctive characters in its very h3^sodont, rootless teeth, whose 
enamel was confined to bands at the insides. These teeth were peg-like and 
without molar pattern. Later taeniodonts were probably herbivorous, but 
unable to compete with the radiating Ungulata. 

Both the Tillodontia and Taeniodontia appear to h^}*e become specialised; 
early along side lines which were, comparatively speaking, of short duration. 
Opinions differ as to whether they manifest any close mutual affinity. ■ 

Order Tillodontia 

This is an archaic order of undetermined ancestry, which left no descendants 
and of which specimens occur only in the Lower and Middle Eocene of North 
America (e.g. Esthonyx, Attchippodtts, TiUotherium). Some have grouped the 
Tillodontia with the rodents, though with little justification. The most pro- 
gressive form known, the mid-Eocene Tillotheriutn, was the size of a bear. 
There were two pairs of incisors, of which the first was small, the second much 
enlatged, rootless, and rodent-like. The mandibular condyles, however, were 
transverse, and entirely unlike the condition found in rodents. The canines 
were small, the premolars and molars brachydont and bunodont. The brain- 
case was small, the skull low, and the snout sharp. TUlotherium was planti- 
grade and pentadactyle : it was probably herbivorous, but perhaps omnivorous. 

Order Edentata 

This polymorphic yet geographically restricted group has undergone very 
considerable taxonomic rearrangement but the true affinities of some of its 
sub-divisions remain still in doubt. The group as a whole has sometimes been 
completely removed from any other and its independent reptilian origin has 
been suggested more than once. Such views cannot be sustained. There 
seems now to be adequate evidence that the edentates arose from jnoto- 
insectivoran ancestry about the beginning of the Cenozoic. As at present 
constituted the order contains the fossil North American Palaeanodonta, and 
the Central and South American armadilloes, true ant-eaters, sloths axui various 
extinct forms of close affinity. The arrangement followed below reduces the 
Xenarthra to sub-ordinal rank as follows : 
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tta-^jgpalawiotoito (Palaeocene-Oligoceoe) '' 

fab-d(dKX«iiarttn 
MtaFordtt Caogalala 

Dasy^oUea (Palaeocene-Recent) 

GtyptodontoUea (Upper Eocene-Pleistocene) 

InfinHndar ni<N» 

Siqpovlaii^les Meg^onycAoidea (Upper Eocene-Pleistocene) 
Myrmeeophagoidea (Pliocene-Recent) 

Bndypodddea (Recent) 

Sub-order Pal^anodqnta 

This North American group (e.g. Pakeanodon, Metacheiromys, Epoicolhmum) 
appears to represent a primitive PaUeocene ofishoot from the ancestry that also 
gave rise to the Xenarthra, which found a southern refuge before the partition 
of the Americas. Four rare genera have been described. 

Metacheiromys, an Eocene edentate about 18 inches long, probaUy ladked 
dermal armour but resembled to-day’s armadilloes in many details. Intei^ting 
specialisations occurred in the enamel-covered canines (a unique feature in 
edentates) and in reduction and degeneration of teeth. The votebrse had not 
acquired the xenarthran peculiarity of extra zygapoph3rses and there was no 
ischio-caudal symphysis. 


Sub-order Xenarthra 

This sub-order exhilnts a great diversity of appearance and behaviour, but 
constitutes a natural and exclusive group, composed of essentially the Cin- 
gulata (=Loricata) containing armoured armadillos (Figs. 532, 533) and 
extinct glyptodons (Fig. 535), and the Pilosa, embracing ant-eaters (Fig, 537), 
sloths (Fig. 536), and extinct ground-sloths (Fig. 539). 

The group consists almost entirely of South American forms. A few late- 
Tertiary animals penetrated northwards after the subsequent re-establishment 
of an inter-continental land-bridge (Figs. 491, 492, p. 705). However diverse, 
the Xenarthra are still unmistakably united basically by certain specialised 
characters which prove them a single natural group. Enamel is entirely absent 
from the teeth, except in an Eocene armadillo, Uta&us, in which small enarrwl 
caps were just persisting. In the remainder, the teeth (see p. 871) are trans- 
formed to pillar-like persistently growing stumps (the armadillos), or are reduced 
in number (the sloths) or may be altogetiier absent (ant-eaters (Fig. 546)). A 
most noticeable character is the presence of an mctra pair of zygopt^yses 
upon Hre posterior dorsal and lumbar vertebrae (Fig. 540) a condition found 
dsewhere only in snakes and some lizards (e.g. Iguarudae). Among od^ 
^p eda-liae d are the frequent reduction (even absence) of the zyg^ 

made aich» the frequent fusion of thecrnacoid process to the front border of the 
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scapula so as to enclose a large foramen (Fig. 548) and articulatimi of several 
of the anterior caudal vertebrae to the ischium, producing an unusually long 
ischio-sacral region. The simple type of bratin, on the other hand, and the 
persistently abdominal testes are primitive. All Edentada have heavily 
clawed feet. 

The Xenarthra diverged widely. The Infra-order Cingulata are covered 
with bony plates bearing homy scutes, an unusual feature in mammals. In 



Fig. 332. — Order Edeotats, Sub-order XmaTthTa, Infra-order CHngttlata, Super-family Daijr* 
podoidaa. Family DasypodUas. CMamuphorua. The fairy armadillos (e.g. C. truncatus) poMess 
the armour characteristic of the group and in addition have a posterior shield that enables them 
to close the burrow. The protruding tail is armoured. (From B.M. (N.H.) skins.) 

this group the teeth are more numerous than in the hairy^Pilosa and the jugal 
arch is more complete. There is a considerable fusion of the vertebral column 
elements subserving the same mechanical junctions seen in chelonians. The 
super-families are the Dasypodoidea (Dasypodidse, the armadillos, Fig. 532, and 
the Peltei^iilidse) ; the extinct Glypto^ntoidea (Gl3rptod<Hitidse, e.g. Glyptoion). 
The glyptodons (Fig. 535) had a peculiar protecti<m involving the fusion of a 
mosaic of numerous small pol3rgonal plates into a rigid hemisphericsd aimodr 
suppmled by blocks of fused vertebrae — (.«. cervical (excluding the first), fused 
dcnsals, amd finally a compacted group of posteriOT dmsails, lumbars, and 
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sacrals coonected posteriOTly vidth the carapace. The tail, too, was araioazed^ 
sometimes with spikes. The head was protected by a bony casque and the 
zygomatic arch had a peculiarly elongated ventral down-growth. The 
davicle was absent. These curious creatures survived from the Eocene until 
the Pleistocene and some penetrated northwards from South America as far 
as the southern United States. No doubt they represent a primitive of^oot 
from early armadillo stock. 



Fig. 533.— Family DaorPOlMli, TofeawirtM. The Thjee-banded Armadi^ ( 
a few other species) possesses a hingeSaoisal ansonr that allow it to curt protectively^Uw 
armoured and tail fitting into place to form an impregnable sphw (Fig. 554). 
armadillos live in savannah or pampas. The fore-feet are pecuBaxly specialised for rapid digging. 
(Ftom B.M. (N.H.) skins.) 


In the armadillos (Dasypodida) the head (Fig. 533) is comparatively short, 
broad, and depressed. The number of complete digits of the fore-foot varies 
from three to hve. These are provided with powerful daws, m as to foim an 
effident digging organ. The hind-foot always has five ^ts with snMller 
daws. The tail is usually well devdoped. The most striking extonal feature 
of the armadillos is their armour of bony dermal plates. This armour usually 
consists of a scapular shidd of dosdy-umted plates covering the anterior ]^rt 
of the body, followed by a series of transverse bands separated from one 
avift tw by hairy skin, and a postmor pdvic shidd. In the gdms 
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^ ui on fhat the animal can toll itself into a ball. Tlic 

a »»*« «- 

dorsal surface of the head (Fig. 534)- infra-order Mosa contains ^ 

foUowing hairy groups: The super-family 
Megalonychoidea, an extinct hiM o 
ground sloths consisting of the Mega- 
theriidae (e.g. Megatherium) the Mega- 
lonychidas (e.g. Megdor^x) and 
dontidfls {Mylodon, Fig. 53^) • ® 

super-famUy^'Mynnecojdxagoidea Jom- 

prising the MynnecophagidsB ^g. 
Myrmecopkc^a, the Great Ant-eatCT ig. 
<,7). Tamandua, the Lesser ^t-ehter 

Mff* . jf ‘Qt.eMxr- 


fe-VfSr 


graph by Eisentraut.) ^ Bfodypus, the Thtee-toed Sloth, 

cervical ve«eb« (Fig. 

cervical vertebra (p. 850). 





Fio. 535.— Infra-order gagntoto.. 

In their limb structure the 

completely adapted to an arboreal hfe t^ any ^ slender 

They have a short, rounded head, ears three 

limbs, the anterior bang much the lonpr. ^ to hand- 

in number, are long, curved, and hook-like, and thus tnod dtoth has 

*4tmV>, body downwards, amoi^ the brandies, the da*®- 
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three to^ in bothmaaus and pes : the two>toed has two in the numns. 
three in the pes. The tail is todimentexy. The body is covered with long, 
coarse haus, which differ irotn those of other mammals in being loa^tudiiially 
fluted. On these hairs algae grow abundantly, confening obliterative greem^ 
and Ifluish hues on the slow moving animals in the forest. Modmn sloths hve 
on leaves, but a former insectivorous life is evidenced by the reduction of the 
teeth and their enamdi loss. This irreversible process has been compensated 
by the provision of a grinding surface by cement and by persistent pulps. 

The ground sloths (e.g. Megatherium, Nothrotherium, Mylodon (Fig. 536)), 
whidi disappeared so recently as the Pleistocene, were once very common and 


latterly as big as oxen. They 
occurr^ in both American con- 
tinents, and their fossils have been 
found in the West Indies. 

The ant-eaters (Myrmecoph- 
agidse) have a greatly elongated 
snout (Fig. 546), with the mouth 
as a small apertiue at its extremity, 
small eyes, and auditory pinme 
which are sometimes smadl, some- 
times well-developed. There are 
five (hgits in the fore-foot, of which 
the third has always a very large 
curved and pointed daw, rendering 
the manus an efficient digging 
organ. The toes of the hindfoot, 
four or five in number, are sub- 
equal. and provided with mo- 



536. — Infra-oider PiloM, SHper-famfly 
■MalaBydiaidM, Family Iftiotoi t MiB. Mtflodou. 
This group flourished i& both the Americas dutmg 
the Pleistocene. M. robustus was as Ug as a 
small rhinoceros. (After Owen.) 


derate-sized claws. In walking, 

the weight of the body rests on the dorsal surfaces of the second, third, an 
fourth digits of the manus and on a thick callous pad on the extremity of the 
fifth, and in the pes, on the entire plantar surface. The t^ is always very 
long, pnrl is sometimes prehensile. The body is covered with long hair. In 
the Two-toed Ant-eater {Cyclopes) the muzzle is short. There are four d^^ts 
in the manus, of which the second and third only have daws, that of the 
third being the longer. The pes has four sub-equal dawed toes, formii^ a 
hook not wnlUfe that of the sloths. The tail is prdiensile. 

Of XenarthiA.— In armadillos more or fewer of the cervical verte- 
bra are ankylosed together both by their bodiesjand neural arches. In the 
lumbar the metapoiffiyses are greatly prolonged. Thqr are longer tl^ 

the transverse processes and support the bony car^. A 
peoiliaxity of the s^nal column in armadillos is the fusiem of a nnm^ of e 
voi. «. ^ 
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anterior caudal vertebrae with the true sacrals to form the Iqng sacrum whidi 
thus as many as ten vertebrae. The caudal region is of moderate 

length, with numerous chevron bones. In Mauis and Myrmecophaga the 
neck-vertebrae are not united. In the posterior thoracic and lumbar regions of 
Myrmecophaga are developed complex accessory articulations between the 
vertebrae; the sacrum contains, in addition to the true sacral vertebrae, a num- 
ber derived from the caudal region. 



Fig. 537.— Order Edentata, Sub.order ZanazQlia, Infra>order PQflsa, Super-family HyntflOO- 
phagoidea, Family HynneoiwbagidaB. Myrmeeophmga. The South American Girat Ant-eater 
or ‘Ant-bear’ seems to be rigidly insectivorous, feeding principally on ants which it gathers by 
means of its sticky protrusible tongue. Anterior pedal specialiaattons allow the animal to walk 
unimpeded by its powerful digging claws. (From B.M. (N.H.) skins.) 

In the sloths none of the cervical vertebrae axe ankylosed. In the three- 
toed sloths (Fig. 540) there is an important divergence from ordinary mammals 
in the number of vertebrae in the cervical region for there are nine or ten 
instead of seven. In the Two-toed Sloth {Cholceptts hoffmanni), there are six 
only. The neural spines of all the vertebrae are very diort. A number of 
the anterior caudal vertebrae are united firmly, though not quite fused, with 
one another and with the true sacrals. 

In the armadillos the sternal ribs, which au* sub-bifid at dieir sternal aids, 
are ossified, and articulate with the sternum by means of wdl-devdoped 
sjmdvial articulations. In the American ant-eaters tliere are similar synoviid 
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joints, and the sternal ends of the sternal ribs are completdy yfid. In the 
sloths the sternum is long and narrow, and there are no costo-stemal synovial 
joints. The anterior sternal ribs are ossified and comidetely united with the 
vertebral ribs, but their posterior fellows are separated from the latter hy inter- 
mediate ribs which are less perfectly ossified. 

In the armadillos the skull (Fig. 545) is broad and flat, the facial region 
triangular. The tympanic ((y.) is in some developed into a bulla. The bony 



auditory meatus is in some cases elongated. The zygoma is complete. The 
pterygoids are small, and do not develop palatine plates. The mandible has a 
well-developed ramus with a prominent coronoid process and a well-marked 
angular process. 

In the ant-eaters (Figs. 546, 547 ) the skull is extremely long and narrow. 
The r^on is drawn out into a long, narrow nstnan. with the extonal 
nates at its extremity. The olfactory fossae are corresp(Hidin§^y gie^y 
devel<q>ed. The rostrum is composed mainly of mesethmoid, vomer, maxaiae, 
and nasals; the piemaxillaB ate small. The zygoma is incomplete, and the 
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oii>it is not dosed behind by bone, a postoibital process of the finintai being 
entirely absent. The pterygoids [pUr.), in all but Cydopes, devdop palatine 
plates. There is no bony auditory meatus. The mandiUe is entirdy devdd 
of ascending ramus and consists of two long and slender horizontal rami, witii 
a very short symphysis. 

In the sloths (Fig. 544) the cerebral component of the cranium is devated 



^ Fi G. 539*”“Order Bdttitfttfty Sub-order Xeuurtlm, Infra-order Pilon« Super-family Bftdsnpo* 
aCMoea* Family BndypodidflB. Brodypwt, The three-toed Sloth (B, iridactyius) is another South 
An^ncan edentate that has become arboreal. It inhabits tropical fore^ and possesses very 
inemcient thermo-regulation : exposure to sun temperature of 35®-40® C, causes death from heat- 
stroke. The ^gae which give the fur a green tinge (p. 844) are reported partly to support a fur- 
living population of mites, minute beetle, and motlu. (From a photograph by Gross.) 


and rounded, the facial short. The frontal region is devated, owing to the 
devdopment of extensive frontal air-sinuses. The premaxillae are miall, and 
not firmly connected with the maxillae, so that they are commonly lost from fr»e 
macerated sM. The jugal (ju.) deydops a strong zygcunatic process sdiich 
bifu^tes behind into two branches. Neither of these is connected with the 
vesti^al zygomatic process of the squamtosal, so that the zygomatic aidi 
remains incomplete. There are, at most, the rudknents of postoibital pro- 
cesses of ttie frontals. The pterygdds devdop vertiod lamime and ioraa no 
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Fio. 541.— ^radMiMWfborid!* 
« ^tdte. Lateral v»w in three- 
toed SI0& (S. trUnciylus). oer. 
acromion; el. clavick; for- 
coracoid. 


t'lG, 54 ’-«* — 

ifanw. Right cfi«. cuneiform; 

oal- m. «. 5 . rudimwit 01 nitn 
meOMarpal; pis. 
ladius; se. scaphoid; tra. m- 
^j3peeoid and ma^nnm united. 
tdN.ulna; nnc. nnciform. 



, 543.-Jlra4i^. — -Q 
lus; calc, cateaneum: cM. 
; fb. fibula; ««».«. 


mtaU 5 s v< 


re of fif^ 

ai; nav. M»v»v»Iar ; 

... peg-like process at distal 

fibula. 
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Fig. 544 .<— 

SkolL Lateral view in 
Three-toed Sloth (B, tri- 
dactylus). 



Fig. 8^^* 

Six-banded Armadillo (D. sex- 
cincius). 



Fig. 546.— Ilfvrmeeo}>h«0at SkaU. Uteral view in Gr»t Jinteater. o/. s^*. rii s^enorf; 
c<md. condyle of mandible; cor. coronoid process of mandible; ex. oc. ex-occipitai , ext. am. 
external auditory meatus; fr. frontal; ju. jugal; lev. lachrymal; waflf, maxilla; nas. 
cond. occipital condyle; pd, palatine; par. parietal; p. max. premaxilla; s. oc. supra-occipitai, 
59. squamosal; iy. tympanic. 


palatine plates. The ascending ramus and coronoid process of the mandiUe 
are both wdl devdoped. 

In the ant-^ters and armadillos the bones of O^fore-Kmb are short wd 
powerful. The scapula in the ant-eaters is broad and rounded. Its anterior 
border unites with the coracoid process so as to cemvert the coraco^scaimlar 
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notch into a In the middle of the spine thwe is a triangolar process : 

a ridge on the postspinous fossa presents the appearance of a secmid spine. 
The fibres of origin of the sabscapularis musde 
extend on to the outer surface as far forward as 
this ridge, so that the part of the outer surface 
behind the ridge corresponds to a part of the sub- 
scapular fossa, which in other Theria is co-exten- 
sive with the inner surface. Except in Cyclopes 
the clavicles are vestigial. All the carpal bones 
are distinct. 

In the armadillos the scapula (Fig. 548) has an 
extremely prolonged acromion {acr.), sometimes 
articulating with the humerus. A ridge {sp'.) 
representing a second spine is present. The 
davide is well developed. The humerus is short 
and powerful, with well-developed processes and 
ridges, and with a foramen {entepicondylar foramen) 
above the inner condyle. The carpus consists of 
the ordinary eight bones. 

In the sloths (Fig. 540) the arm bones are 
comparatively long and 
slender. A coraco-scap- 
ular foramen is formed as 
in the ant-eaters. In the 
Three-toed sloths (Fig. 

541) the acromion {acr.) 

is at first cormected with the coracoid process, but 
becomes reduced and loses this coimexion. In the 
two-toed sloth the connexion persists. The davide 
(d.) is not directly connected medially with the 
sternum. Laterally it is directly connected with the 
coracoid process — a condition unique among the rmun- 
malia. The humerus is very long and slender, as are 
the radius and ulna, which are capable of a certain 
amount of pronation and supination. In the carpus 
(Fig. 542) the trapezoid and ms^um are united in 
BradyPus, distinct in Cfadaepus : in the fmmer the 
trapezium is usually fused with the rudimentary first 
metacarpal. The first and fifth metacarjMds are repre- 
sented by rudiments only. The proximal jAalanges of 
the three digits are early ankylosed with the corresponding metacarpals, so, that 
it m^^t readily be supposed that a normal component of each digit was absent. 





Fio. 548. — Daeypumi 
Shoidtegiidle. Six-banded 
Armadillo {D. stxeinctus). 
acr. acromion; cor. coracoid 
process; pr. se. prespinous 
fossa; pt. sc. post-s^ous 
fossa; sp. q>ine; sp'. ridge 
imbaUy marking Ute ante- 
rior limit of origin of the 
subscapularis ransete. 


«.ee 



Fig. 547. — Mj/rmaeophstgsu 
Skull. Ventral view in Great 
Ant-eater. Letters as in F 1 ^. ^6. 
In addition, b. oc. basioccipital; 
glen, glenoid surface for man* 
dible; pier, pterygoid. 



772 


ZO<»X)GY 


The p^vis of the American ant-eaters is Elongated, with a short ^maphysis 
}is. The ischia unite with the spinal column. There is no third trochanto^. 

The tibia and fibtda are nearly 
straight, and parallel. In Cydopes 
the pes is modified to form a cubing 
organ. 

In the sloths the pelvis is short 
and wide. The sjnnes of the isdbia 
unite with the anterior caudal verte- 
brae so that a sacro-sciatic foramen is 
formec^ ^ in ant-eaters. The femur 
is long amd slender ; it has no [third 
trochamter. The tibia amd fibuk are 
also long and slender. At its qistad 
end (Fig. 543) the fibula develo|>s a 
peg-like process (x) which fits into a 
depression in the outer face of the 
aistragailus. The cadcamead process is 
extremely prolonged in Bradypus, in 
which there is a tendency to ankylosis 
between the tarsad bones, and the 
proximal phalamges ankylose with the 
metatarsals. 

In the armadillos the pelvis (Fig. 549) is extremely long, and both ilia and 
ischia are firmly fused with the spinal column. The femur has a prominent 
third trochanter. The bones of the pes are not speciadly remarkable. 

Order Phoudota 

The peculiar pangolins or scady ant-eaters (Figs. 550, 551) of tropical Africa 
and Asia are often placed among the Xenaulhra but ever since Huxley's day 
opinion hais tended increaisingly to accord them sepauute ordinad ramk, at the 
saune time retaining their imdeniable connexions with the Edentata (in its 
original sense). Little is known of their phylogeny. Pleistocene remains are 
essentially similar to those of extant forms and the n^d-Tertiary (European) 
species are known from fragments only. 

The most noticeable character of living forms is their covmng of imbricating 
homy scales over the head, body, and tail, among whidi scales grow a few 
scattered hairs. The lower body-surface is hair covered. TIk head is fwo- 
duced into a ^ort, pointed muzzle. The hmgue is fong and teeth are 
absent, as are also the jugal arch and clavicle. The skoU is kmg and cylin- 
drical and there is no bony separation of orbit and tenqxnal fossa. ^ The body 
and tail may be five feet long. 


XT 







Fig. 549.— Pelvis and saonun. 

Six-banded Armadillo (D. sexcinctus), ac. aceta- 
bulum; t 7 . ilium; isr/i. ischium; 06/. /or. obtur- 
ator foramen; pect. tub. pectineal tubercle; pub. 
pubis. 
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Thare is but one genus, Manis^ which contains some seven The 

limbs ate short and strong, and pentadactyle. ^ The hind^feet are plantigrade, 
the fore-feet provided with strong curved <daws. In walking, the we^[ht r(KSts 



Fig. 550.---Order Fholidota, Family Maniflffi, Mania. The pangolins (scaly ant-eaters) and the 
Aardvark (Order Tubulidentata) (Fig. 576) are often called the 'Old World edentates’ but are 
probably letter separated from armadillos, ant- 
eaters and sloths and, of course, from each other. 

The tropical pangolins (e.g. M, javanica above) 
are remarkably protect^ by an over-lapping 
armour (Fig. 551) and have developed a remark- 
able pedal spedadisation that allows the possession 
of powerful digging claws without undue inter- 
ference with walking (see convergence illustrated in 
Fig* 537)* The tail may be prehensile («.g, in 
Af. longicatidaia) and contain as many as 50 
vertebra, Uie largest number of any mammal 
(cf. four retained by Man). Some pangolins are 
arbozeat (From photographs and B.M. (N.H.) 
stdns.) 


Fig. XMansIvg mg e haato u 

(From photopap^ by Lang.) 


on the isppet and outer side of the fourth and fifth di^ts. Some forms are 
expert dfoibers« 

Wi^ meidbittMe there is to the edentate Myrmecopht^ is probably doe 
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to convei^ent adaptation. Whilst a remote connexion with the American 
Edentata is not absolutely precluded, it is more convenient in the state 
present knowledge to regard the Pholidota as a separate order. 


COHORT GLIRES 

In this great division are placed the orders Rodentia and La^ omorpha which 
were previously included in a single order Rodentia. Despite their familiarity 
to-day, and an abundance of Eocene fossils, there is still no certainty concerning 
the origin of either. It is probable that they represent early departures from 
the primitive eutherian insectivore stem. They,show many adaptive parallels 
in morphology, ph3^iology, and behaviour. 

Order Rodentia 

This large and important order was formerly divided into two very uAequal 
sub-orders, the numerous Simplicidentata and the few Duplicidentata (Lago- 
morpha) in which were placed only certain extinct Palaeocene rabbit-like 
animals, as well as the pikas, hares, and rabbits, including the American cotton- 
tails. The Duplicidentata all possess a second pair of incisors, hence the name. 
It is now known, however, that many of the numerous similarities between the 
two groups are largely adaptive and that there are adequate grounds for the 
erection of a separate order Lagomorpha. Some authorities, indeed, b^eve 
that the two groups are related only to the extent that both are offshoots of 
early Eutherian stock and it has even been suggested (but not accepted) that 
the two orders arose independently from metatherians. Certainly both groups 
were clearly distinct in the Eocene period some 50 million years ago. The fact 
that these two widely differing, but apparently very similar, orders were so long 
combined in classification is a cogent warning to students against the un- 
questioning acceptance of systematic arrangements which are, in the state of 
current knowledge, inevitably no more than provisional. 

The Rodentia, comprising almost three thousand living species, is numer- 
ically the largest of all the mammalian groups. Rodents are of enormous 
ecmiomic and medical importance in that the rats carry plague-fleas and do 
incalculable damage to stored foodstuffs and other goods, while plagues of mice 
periodically inflict incomputable injury upon crops in various countries. 

No rodent has ever attained any great size. A capybara {Hydrochoertts), 
about the size of a small pig, is the largest living form, but its bulk may have 
been exceeded by two extinct beavers {Trogontherium and Castoroidea). Most 
rodents are small and some, sudi as the Harvest-mouse {Micromys minuius), are 
among the smallest known mammals and weigh a mere 7 gms. (see also p. 7*7). 
The distribution of the group is almost global. Roifents are among tlm Um 
eathenan mammals to occur in Australia, where they radiated mcoessfulfy pre- 
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suttiably after voyages thither on floating driftwood. Many ixxlents. (smfli as 
the Lemming (Lemtwus letntnus) and various species of rats and mice) can 
multiply rapidly to almost incredible numbers. 

The characters of the order are as follows : Never more than a single pair of 
upper incis(ns is present. The incisors are chisel-shaped in wear owing to ftie 
absence of enamel on their posterior surfaces and, having persistently open roots, 
they grow throughout life and are always of great size. There is no anterior 
symph3rsis between the mandibles and special modifications of the mylohyoids 
and masseters permit the separation and return of the prominent lower incisors 
in a curious, almost scissor-action in feeding. Canines are never present, and 
there is a wide diastema between the incisors and the cheek-teeth into which 
the cheeks can be tucked so as to separate the front part of the mouth from the 
hind during the process of gnawing. This habit of gnawing, universal in 
the group, has induced noticeable modifications not only of the teeth, but of the 
whole skull and jaws. The glenoid cavities for the mandibular condyles are 
elongated in a fore-and-aft direction, an adaptation which enables the jaws to be 
moved forwards, and thereby the upper and lower incisors to be brought into 
contact for the purpose of gnawing. In this position, owing to the size of the 
incisors, the cheek-teeth are thrown out of action and cannot operate. For 
chewing, therefore, the jaws can be moved backwards when the lower incisor 
fits in behind the upper, and the upper and lower cheek-teeth can be brought 
into contact. The grinding-teeth vary in number, and frequently have per- 
sistently open roots. In some cases the milk dentition is suppressed. 

To provide the necessary power for gnawing, the jaw-muscles are very 
greatly enlarged (Fig. 552). The increase in area for their attachments has 
produced considerable modifications in the skull and jaws which differ in 
different groups, and afford a basis for classification. The premaxillae and 
maxillae are enlarged, not only to house the great curved incisors, but also for 
the attachment of the anterior mass of the masseter muscle. This in some 
forms passes through the enormously enlarged antorbital vacuity, which may 
be as big as the orbit (in Calogenys, the pacas), or it may pass over the edge of 
the jugal arch in front of the orbit (as in the enigmatic Pedetes). The fossae for 
the pterygoid muscles may also be very large. The lower jaw may have the 
external border expanded into a flange for the insertion of the masseter. It 
is interesting to note a convergence in shape between rodents and Phetsodotnys 
(marsupial wombats). These have a single pair of persistenUy growing indsore 
and an enlargement of the masseter muscle inserted on to an evert^ mandi- 
btdar flange. In many rodents the jugal extends back to the glenoid cavity, 
ss in mdiEupials* 

Additionally to its characteristic incisors and absent canines, the rodent 
dentition is peculiar as regards the cheek-teeth. Two preroolais occur above 
and <me bdow, thoo^ even fewer may be present. As few as one molar only 
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may occur in each maxilla and in each moiety of the mamiftile. (The recently 
described water-rat Mayermys from New Guinea has the nniqne dmti^n of 
one cheek tooth only in each jaw, thus taking a further step beyond its allies 
in the sub-family Hydromyinae which may have as few as two.) An average 
number for many rodents is four molar teeth. There is also a wide lai^ of 




dilator noriSi 




^vator iabii su|>erioria-l 


‘fy^melicus 
tevalbr Isbii au^i«ri»> 
Fig. 552.— !>«««•> Jum niMettlatnis. (After E. Chase Green.) 



difference in cheek-tooth crown-patt«m as wdl as in size. Thus, the squirrels 
(Fig* 553B) possess teeth of the short-crowned bradiydont and rooted type, 
which, espedally in the earliest species, can be referred to as the tiituberoular 
type. The dentition exhibits gradations throu^ various bikqdfodont' pattrans 
(Fig. 553Q to the highly complicated multikiphodont azni h]q>sod(Hit varieties 
wiffi permanently open roots, as, for example; in Ihe capybaras (Fig. 553A). 

In the rest of their anatomy the rodmbt aia not Ing^y spedni^md. 
are, fmr the most part, unguiculate, poitadactyle, atod plantigiade. A davicle 
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is usually present and, as in all herbivorous manunals, the caecum tmuls to be 
large. The brain is little, if at all, convoluted, and the cerebellum is not 
covered by the cerebral lobes. 

The ontor is divided into three ill-defined sub-orders : i. Sduromorpha 
(squirrels, beavers. North American gophers, and allies); 2 . Myomor{dia 
(jerboas, voles and lemmings, rats and mice, hamsters and jumping-mice), and 
3. H3^tricomorpha (porcupines, guinea-pigs, chinchillas, viscachas, agoutis, 
capybaras, mole-rats, and allies). 

A strong case, however, can be made that the above groups are essentially 
morphological grades and not phylogenetic divisions indicating dose relation- 
ship of their contained forms. For example. Wood has shown that the New 
and Old World hystricomorphs (see below) are each derived independently from 
a world-wide sduromorph stock. Rodents exist in great num^r and exhibit 



Fio. 553. — Bodenthi: KolU 4 mtitUm. A, Hydrochaertis (CApybm) : B. Sciurus (tmml); 
C, Ctenodactylus (of uncertain affinity, possiUy a hystricomoiph.) (From Cambridge Naturat History, 
after Tullberg.) 

an extraordinarily wide range of adaptive radiation. Some such as the 
beavers, are amphibious, with flattened swinuning-tails. Some are burrowers 
to such an extent as to have acquired a mole-like appearance (e.g. Spalax, 
Georychus). The squirrels are tree-living. The Anomaluridae (‘ fl5ing '- 
squirrels) have proceeded a step further by the development of a parachuting 
membrane closely resembling that of the gliding marsupials. The Dipodidse 
are saltatorial (hopping) forms, somewhat resembling kangaroos in their mode 
of progression. 

The Sduromorpha (of some 13 extinct and living families) are primitive 
in their retention of two upper and one lower premolars, and in the antorbital 
foramen not being enlarged. It does not transmit any part of the masseter 
musde. In some classific ations five super-families are recognised as follows : 
the Schuoidea (squirrels, gojfiiers, diipmunks, etc.), the Aplodontoidea 
{AplodottHa, the Sewelld), the Ischjnromyid# (Eocene and 01 igoc«ie rodents), 
the Castoioidea (bwivers), the Geomyoidea (a purely North American grorq) 
induding the pocket-gophers, etc.), and the Anomaluroidea. The last-named 
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indudes Anotnalttrm, a West African ' flying-sqoiiTel '. and poss^ Pede^, 
the Cape Jumping-hare. The last-named possesses a huge infraMcnlntal 
opening, which, however, does not transonit any part of the masseter mnsde, 
so that the skull in this respect resembles structurally, but not fcmctionally 
that of the Myomorpha. 

The Myomorpha (rats. mice, jerboas, hamsters, etc.) are differentiated into 
nine families and are characterised by the superficial portion of the masseter 
muscle passing forwards in front of the orbit, while its median portion runs, 
via the orbit, through the enlarged infraorbital opening. The sub-order 
Hystricomorpha (true porcupines, the guinea-pigs {Cavia), the Viscacha 
(Lago^omus) etc.) comprise some 19 families.,. They have the infr^bital 
ranal enlarged to the greatest extent of all. and the median portionlof the 
masseter is enlarged at the expense of the anterior superfidal porticm.\ which 
does not extend on to the face, but retains its more primitive attachmdit to 
the jugal arch. The tibia and fibula remain separate. 

Skeleton of the Rodentia. — Among the rodents the jerboas are exceptional 
in having the cervical vertebrae ankylosed. Generally the transverse processes 
of the lumbar vertebrae are elongated. As in the Ungulata, the sacrum usually 
consists of one broad anterior vertebra followed by several narrower ones. 
The caudal region varies in length in the different families. In some it is very 
short, but in many (porcupines, squirrels, and beavers) it is elongated. The 
sternum of the rodents has a long and narrow body. Sometimes therel is a 
broad pre-stemum. The posterior end is always expanded into a cartilaginous 
xiphistemum. 

The skull is elongated, narrow in front, broader and depressed behind. 
The nasal cavities are very large, especially in the porcupines, with complex air 
sinuses in their upper part. In some the optic foramina fuse into one. An 
interparietal is often present. Paroccipital processes are developed. The 
orbit and the tempoi^ fossa are always continuous. The nasal bones 
are large, and the nasal apertures are termiiud or nearly so. The premaxilhe 
^ always very large. A remukalde feature of the skull is the {ueserrce in 
rrumy of a large opening corresprmding to the inframhital foramen. The 
middle part of the zygoma is formed by the jugal. The latter oftoi hdips to 
bound the glenoid cavity, as in the marsupials. The jmterior palatine foramina 
are long. The periotic and tympanic may become as^losed together, but m>t 
to the neighbouring bones. The coronoid process of ^ mandiUe is scHnetimes 
rudimentary or absent; the angle is often produced into a process. 

The scapula of the rodentia is generally and narrow. The ^dne 
sometime has a metacromion process and a kmg actoaiicHDu TV 00®»coid 
process is small. The davicle varies as teganfo its devebqmMnt. Vestiges 
of the stomal end of the coracoid ate soowtimeg dfidfoguwhabV The bones 
of the arm and forearm show conridmal^ vaiiatfoOu The nuVis and 0b» 
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are in inott instances dii^inct, though in close and fiim ai^iosition. The 
scajd^d and lunaie are usually united ; a centrale may be present ix absent. 
The pdvis femm vMy greatly : sometimes there is a third trodianter, 
The ffljida may be distinct w fused with the tibia. In the joboas Hie meta* 
taisals oi the three digits are fused (see Fig. 619). 

Order Lagomorpha 

As menti<med (p. 774) these forms (the hares, rabbits, and pilras or ccmies) 
were once induded within the Rodentia (as the smaller sub-order Duplid- 
dentata). They occur throughout Eurasia (induding hi^ arctic wianHe in 
the case of the hare Lepm arcHcus) and North America. Hares have poietrated 
Africa as far as the Cape, and cotton-tails (SylvUagus) occupy all tropical South 
America. The lagomorphs agree with the rodents in possessing a diastam a, 
incisors with persistrat pulps, cheek-pouches, enormous masseter musdes and 
relatively weak temporal musdes. They differ, however, in lacking the curious 
mandibular specialisation’ (p. 775), in their simpler, more restricted masseter 
musde and in their additional small pair of upper incisors. There are always 
three upper and two lower premolars and three molars. The orbital foramina 
are smaQ. Musdes never invade the infraorbital canal. The incisive fora- 
mina are large; and the maxillae are curiously laterally fenestrated. The tail 
is invariably reduced and the hind-limbs are highly specialised for a saltatorial 
mode of progression. Some true rodents (agoutis, porcupines) also have re- 
duced tails, and hind-limbs mo^ed for jumping (jerboas). The apparently 
dose similarity of rodent and lagomorph cheek-teeth is taxonomically mislead- 
ing, being merely the result of convergent evolution. In the rodents the rows of 
lower cheek-teeth are more widely separated from each other than are their 
upper counterparts. In the lagomorphs the opposite is true. 

The lagmnori^ fall into two families : the Leporidas (hares and rabbits) 
and the Odwtonidae (pikas, Ochotona). Leporids are known from the Eocene 
and the second group from the Oligocene. 

COHORT MUTICA 

This divifflon contains only those widely divergent and highly specialised 
mammals, the whales, whose phylogenetic history remains obscure. Their 
perfection of aduptution to a marine existence has, to a remarkable degree, 
obliterated evid^ce of their affinities to the other extant manunalian orders. 
Althou gh an abundance of cetacean fossils is available from the Miocene, and 
arehmc whales (Arduwceti) have been found in Eocene deposits, the early 
stages ceta^sean evedution remain unknown. 
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Order Cetacea 

Because their bodies are supported by water, and because of the manifold 
physiological advantages of homoeiothermy, whales have been enabled to attain 



Fig. 554.— Order Oetooea, Sub-order llfgfioeti* Family Balanioviecldm* BmUgnopimru, 
Sub-order Odontooeti, Family Delpbiiiidm. Oretnum. Among the micro-feeding MysUceti 
or * whale-bone' (baleen) whales the Blue, Sulphur-bottom, or ^bbald's Whale {B. musctilus) 
groyrs to a length of more than 100 feet and may weigh 120 tons (cf. bull African ekqfihant, 6 tons). 
It is perhaps the most massive animal that ever lived. A single Blue Whale (a rorqual) may 
yield about 135 barrels (22^ tons) of oil, 31^ tons of guano (from ground-up flesh) asui about 336 lbs. 
of baleen. 

The second extant sub-order is the Odontoceti (toothed whales). The Killer Whale (O. area) 
eats fishes, birds, and marine mammals, attacking and eating the tongues of whales much bigger 
than itself (Andrews). In the stomach of a single Killer was found the remains of 13 poxpoises and 
14 seals. The species is harmless to Man but has attacked boats. O. area is sexually dimorphic: 
the male (with a 'sharp' triangular dorsal fin reaching 5J feet high) grows to a length of about 
31 feet, and the female (with a slightly recurved dorsal fin) to aboUt x8 feet. Atthough toothed 
whales of course produce oil (6 barreb from Orca) they are of relatively Im commercial value, 
^me however {e.g, dotohins) have been hunted for food from earliest times, etqsecially because 
they are considered as fish in certain countries and can therefore be eaten on fast days. Though 
we in equatorial waters, both the above species are or were almost cosmopolitan in distribution. 
(From photographs and B.M. (N.H.) specimens.) 


the greatest bulk of known animals, living or extinct. The Blue Whale 
{Bidanoptera musculus), for example, grows to m<ne than loo feet Iwig and may 
weigh about 120 tons (Fig. 554). This smimal is capable of a speed of up to 
18 knots. The great torpedo-shaped body is na^ed, the skin is very smooth. 
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and structures lUraly to impede the even flow of wator over the body smrlaDey 
such as ear puins, scrotum, and hind-limbs, have disappearHl. The' thmst 
propelling the whale’s enormous bulk through the water is produced mainly 
by the up-and-down motion of the laterally expanded tail-flidces. The fore- 
limbs, or flippers, and the dorsal fin (when present) act as rudders and stabflisns. 
Dorsal fin and tail flukes are specialised skin folds supported by underlying 
fibrous tissue and are devoid of any bony ^leton. The Blue Whale, incident- 
ally, is sometimes called the ‘Sulphur-bottom’ because of a yellowish ventral 
colouration imparted by an adherent diatom population. 

Modem Cetacea, which occur with an apparent suddeimess in the early part 
of the Miocene, are characterised by the adaptation of many of thdr morpho- 
logical characters to their special mode of life. Some of these structures are 
new, some are normal mammalian structures much modified, and others 
indicate a complete loss of ancestral equipment. Examples of the first cate- 
gory include the formation of the horizontally expanded tail-fliikes (Fig. 554), 
the single dorsal fin, and baleen or whalebone (Figs. 558, 559). Further 
examples are to be found in extra digits (hjrperdactyly) and extra phalanges 
(hyperphalangy) (Fig. 564) which both serve to enlarge the surface of the 
flipper. Characters which have been modified from the normal include the 
development in the hypodermis of a thick insulating layer of dermal fat 
(the blubber ) — ^which may constitute as much as 27 per cent of total weight — 
the very extensive breaking up of certain blood vessels into fine networks («<»« 
mirabilia), the great obliquity of the diaphragm and its powerful musculature; 
the enclosure of the proximal elements of the fore-limb inside the body and the 
alteration of the hand to a skin-covered paddle; the pectiliar shape of the 
scapula Mrith extremely reduced prescapular fossa, forwardly directed acromion 
process and absence of spine; the relatively simple, bilobed liver and non- 
lobulated limgs; and the subdivisioning of the stomach into several digestive 
regions. The whole skeleton is naturally much modified. The skull has 
greatly elongated facial, and dorsoventrally compressed (‘telescoped’) cranial, 
portions. The nasal openings, often asymmetrical, are placed far back on the 
upper surface of the head. The t3unpanic bulla is loosely attached, and the 
cranial bones in general are much modified in shape. In the vertebral column 
the cervical vertebrae are shortened, compressed, and fused together to a greater 
or less extent (Fig. 561). (In BaUma, for example, there is complete fusion; 
in Baleenoptera, complete separation.) The sternum is reduced. The featuros 
that have been lost are: hair, except for a very few facial bristles, finger-nails, 
except for traces in the foetus; external ears; all skin-glands; the lachrymal 
duct and nicitating membrane in the eye; the heads of the ribs in some, the 
odontoid process in most, and, except for traces, the hind-limbs. Of all 
mammals the Cetacea show the greatest deviation from the ordinary. 

The order falls into three sub-orders: i. the extinct Archseoceti (e.g, 
voi,. u. 
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Protocaus. Basilosmrus = Zeuglodon) ; 2. tibe toothed Odontooeti, end 3. 
the baleen-bearing Mysticeti. 

Sub-order ARCHiBOCEXi 

The Ardueoceti are first known from the Eocene and are of uncertain 
relationship. They give little indication of their original land-living ancestors 



Fig. 556.—Order Getaeea. Sub-order AxdlIMKMtie Family Baiilotanridm# BoHkumurwf (» 
Zeugiodon). Basilosaurus was common in Eocene seas. It was serpentine in shape, and reached 
a length of about 55 feet. (From Romer, after Gidley.) 




Fig. 557.— Cetoeea; BvointiQiiol 
hlow-hoie. Left: Dorsal view of 
the Eocene Basilosaurus {:xs Zeuglo- 
don) showing primitive anterior po- 
sition (arrowed). Right: Modem 
animal, in which the nostrils and 
surrounding bones have migrated 
posteriorly to the top of the skull. 
(Redrawn after Romer.) 


beyond the slight suggestion of creodont-insectivoxe af&nities* Atthaeocetes 
grew to a length of 70 feet and had already k»t their hind-limbs. They cma- 
prise three fiuoailies: the Protocetidse, Basilosauridse (« Zeuglodmitlds^. and 
Dorudontidae. The Protocetidae (e.g. Pr<^ocekts { 1 ^. 555 ). 
cdus) are known from the Middle Eocene and axt great interest becacoe the 
dmtiti<m of Protoutus still showed a division into tteee cpdsors: a eaidne, 
three premolars, and three molars. The dwdc-te^ had become elongated 
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and seetoaial, bat one at least (the third preq^lat) retained an nmet tabeide 
and is somewhat roniaisoent of a oeodoht tooth. 

In the Basilosanridse Proze*^MUm had evolved still further. Its 
teeth were siinple cones. The posteiicnr teeth (whidi. however, were still two- 
rooted) wae dotted, with secondary serrations. The skull and skdeton 
as fax as known, had advanced a long way towards the cetacean type. Members 
of this family (e.g. Btailosaurus, Figs. 556, 557) became unusuaUy elongated, 
and were clearly a dde-line. The Dorudontids (e.g. Dorudon) were shorter- 
bodied and persisted tUl the end of the Oligocene. While the Ardueoceti were 
definitely whaks, they were more primitive than modem whales in s(»ne 
respects. The head, for instance, had the front part elongated, as in other 
whales, but the cranial part was not compressed and the skull-bones bore a 
mote usual relationship to one another than is the case in later forms. 

Sub-order Odontoceti 

The Odontoceti or toothed whales are represented by several extant 
families, of wludi may be mentioned the Iniidae and Platanistidae (the blind 
freshwater dolphins of South America and the Orient) ; the Physeteridae (e.g. 
Physeter, the sperm whales) ; the Ziphiidse (bottle-nosed and beaked whales) ; 
the Delphinidse (a large heterogeneous assemblage of porpoises and dolphin, 
including the white Whale, Narwhal, Pilot Whale, and killer whales (Fig. 554)). 
The Agoiophiidae of the Upper Eocene, and Squalodontidae of the Miocene 
are two extinct families. 

The freewater dolphins retain a larger number of primitive characters than 
do other whales. Thus the cervical votebrse are not fused, the interlocking 
processes of the thoracic vertebrae are more prominent, the number of double- 
headed ribs is large, and the hand is relatively simple and without increase in 
the number of phalanges. In the Ziphiidae the snout is long and narrow but 
functional teeth are restricted to the lower jaw in which one pair (at most two 
pairs) persist and may in male animals be relatively massive. Two divergent 
throat grooves, and tail-flukes without a well-defined median notch in the 
hinder margin, aue distinctive of the family. The Physeteridae, represented by 
the Cachalot (growing to about 60 feet, and the biggest of all od<mtocet«) and 
the P%my Spmn (only about 12 feet long when adult), are characterised by 
the restrkticm of functional teeth to the lower jaw, by the long symphysial 
contact of the two rami of the latter and by the possessicm of a spenna^ti 
organ. Tim last-named is a large receptade situated in the snout to the ri^t 
of the sing^ nostril. It wmtains a large quantity of clear, colourless oil whidi 
in the asr into a white, soft wax. Its function is uncertain. 

A pemdiar, **^1 commmcially valuable, intestinal product of the Phj^seteridm 
is a iBitwtanee formerly used tat Europe in pharmaceutical 

tioas, aind 8tiS*ab wed in the (kient as also in cooking. It has.been employed 
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both in the East and West for centuries in the manu&u:tuie (rf perfumes. 
When used in minute quantities it adds to the pervasive and absorptive qualities 
of toilet 'washes' and perfumes. Ambergris is often said to be formed as a 
'biliary concretion’ in sick whales, but there is no evidence that such is the 
Its exact formation is still in doubt, but would aj^pear to be pathological. 
Certainly, it is found in relatively few individuals. It has been variously 
considered to arise from intestinal irritation by the homy beaks of squid (the 
principal food of the sperm whales), or to be impacted, and otherwise altered, 
unvoided, faecal material. In addition to occurring in the intestine of 
apparently headthy harpooned animals, or in carcases caist ashore, ambergris 
may be netted ais flotsam, or picked up on beaches. When freshly voided it 
possesses a highly disaigreeable odom:, but adter being well waished by the sea 
this may be lost amd there may remadn a not unpleasant, somewhat sweet, 
musty, earthy odour. As much ais 926 lb. (65 x 30 inches) hats been found in 
the intestine of a bull sperm whade only 49 feet long. The market price, which 
has been fairly stable for mainy yeaus, vauies from 2s. 6d. to 65s. per <mnce 
au:cording to quaility. 

In appeairance, after floating and hardening, ambergris resembles a lump 
of dark, dull, often ‘ mairbled ’, cobbler's wauc. It is often impregnated with the 
undigested remnants of squid amd cuttlefish. It has a specific gravity ranging 
from 0780 to 0*926, melts at about 62° C. to a resinous dark yellow liquid, amd 
is volatilised at 100° C. Ambergris dissolves in adcohol amd ether (exhibiting 
iridescence) amd liberates the atnbrein which gives it its special quadity. 

The Delphinidae display most pronouncedly the homodonty which charac- 
terises the group generally. The single, enormously elongated, spirally scored 
‘horn’ of the Narwhal is at the one extreme of number of teeth, the Common 
Dolphin at the other with as many ais fifty teeth in each row. 

In the Odontoceti the skull shows a vaiying degree of atsymmetry. The 
extemad nostril or blowhole is single and usuadly crescentic in outline. The 
upper jaw bones widen posteriorly to their snout portions and are squaimous 
above the frontal bones, so that the latter are admost completely obliterated 
from dorsal view. The anterior ribs usually have capitulum and tuberculum. 
The sternum is formed of two or more stemebrae. The mamdibular rami aure 
wide at their articular end, graduadly narrowing to the symphirsis. The latter 
may be of considerable length (as in the river dolphins and sperm whades) or 
greatly shortened (as in the Common Porpoise amd Pilot Whale). 

Sub-order Mysticetz 

*□16 Mysticeti or baleen whales are rare in horizons earlier than the Lower 
Mioc^. During this period a now-extinct famUy, the Cetotheriidfie, 
flourished. In these whales tiie compression of the skull had not proceeded to 
tlw! extent found in later forms. *1116 remauning extant am the 
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Balsemdse (li^t wliales, Balam ; and the Pigmy Whale. the 

EachrichtidaB (theCalifonuaa Grey Whale. Eschnchtius ) ; and the BjdsHu>ptmidae 
(rorquals. Balanoptera (Fig. 554) ; and the Humpback Megaptera) . These are 
represented by a few recent genera and many others now extinct. 

The baleen whales have the very numerous, homy baleen (or whalebone) 
plates arranged in two series, one on each side of the upper jaw (Figs. 558, 559). 
The plates, roughly triangular in outline,- have their shortest margin inserted 
transversely in the roof of the mouth and are spaced about a quarter of an inch 
apart. Of the two remaining, subequal margins the labial is smooth, while the 



Fic. 558.— JVevbalcma ; Adaptatkm to mienphagy. The genera Balana and NeobaUnia are 
composed of the Kight Whales, including N. marginata (above), the Greenland and Southern 
* whalebone ' Whales, and others. The bigger species were the ' right ' ones to kill for ' whalebone 
since the baleen blades of the Greenland Whale (B. mysHcetiis) were as long as 15 feet (see also Fig. 
539). During the late i9th>century heyday of voluminous corsetry. baleen fetched as much as 
£2,000 per ton. Baleen had many other common uses — e,g. as umbrella ribs — and it wm woven 
into expensive fabrics that were guaranteed to 'stand of themselves*. Oil was relatively less 
prized during this period. C. coronoid process of mandible ; Fr, frontal bone ; L, lachrymal; Mx, 
maxilla; O. occipital; Sq. squamosal. (After Beddard.) 


lingual is frayed out into a fringe of bristles. After water is taken into the 
buccal cavity the combination of these bristles forms an effective sieve for 
straining the plankton (usually crustacean krill) from the water that it is 
now forced from the mouth either by the action of a very muscular tongue 
(Balaenidae) or by the contraction of sub-cutaneous gular muscles (Balaeno- 
pteridae). As much as two tons of plankton have been found in the stomach 
of one Blue Whale. 

Skeleton of Cetooea.— The cervical region (Fig. 561) is ^ways very 
shortp and the constituent vertebrae are often completely fused into a cou’* 
tinuous bony mass (Fig. 560), or the atlas alone may be separate from the rest. 
Som^imes, however, all the vertebrae are complete and separate. In the latter 
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case they have small aiches and long trasisverse jnooesses cmu^stittg nf two 
narrow bars with a wide qjace betweai. The <^i^yses axe vwy diatinci dtacs 
which often remain separate from the bodies np to a late poiod. The neural 


Fig. Btlstti ritiMS ttlilhMih 
iliip with tonfue* The twin sieves esch 
consist of as many as 300 to 400 flexible 
horny blades embedded in the 
The baleen elements are longest and widest 
in the middle of each aeries, and become 
progressively shorter at each end. Each 
blade is in turn produced latentUy into 
hairdike sieve processes. The water 
taken in through the open month is dis- 
chatgid through the sieve and leaves a vast 
trawl of krill l^hind. The tongue ifi baleen 
whales is immense compared witlii that of 
odontocetes. For fmtal teeth in Mtaeno- 
ptera. see Fig. 637, p. 874. \ 

spines are well developed. The zygapophyses are poorly developed, and are 
absent in the posterior portion of the trunk. In the absence of hind-limbs there 
is no sacral region. The caudal region consists of numerous vertebra beneath 
which, opposite the intervertebral spaces, are a series of chevron bones {chev.). 

In the baleen whales only one pair of ribs 
artictilates with the sternum, and none articulates 
with the body of the vertebra, but only with the 
transverse processes. In the toothed whales the 
anterior ribs (Fig. 561) have distinct tubercles and 
heads articulating respectively with transverse 
processes and vertebral bodies. The hinder ribs 
lack heads, and articulation is simply between 
tubercle and transverse process. The anterior 
ribs are linked with the sternum by ossified sternal 
ribs, while the posterior ones are progressively 
slender and imperfectly ossified. The sternum 
varies in shape. Sometimes it consists of a 
prestemum and a series of several stemebrae with- 
out xiphistemum. Sometimes (Fig. 562) it is a 
continuous plate of bone, occasionally with median 
notches or fontanelles. 

In the skull (Fig. 563) the brain-case is 
rounded, the jaws greatly elongated and often 
tmssmunetrical. The parietals (Pa.) in most 
Cetacea do not meet in the middle line above. They ^ generaUy sepaxated 
by the supraoccipital (S. 0.) and an interparietal {I, P.) ; thwe is thus no 
sagittal suture. A large supraorbital {date is dev^ped frma the fimital. 



Fig. 360. — Bmtmm: VflKto- 
lira. Section through middle 
line of united cervical vertebm of 
Greenland Right Whale [BaUena 
mysticetus). a. articular sui^e for 
condyle; e. epij^hysis of seventh 
cervi^l; sn. foramen in atlas for 
flvst spinal nerve; arches of 
cervical vertebras, (After Flower,) 
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Tbgte aw large ai»i stout zygomatic 
processes of the squamosal, but the 
jugals extremely smalL In aU the 
recent forms the maxilla (Mx.) is very 
large. It extm:^ backwards in the 
toothed whales to overlap the frcmtal. 
In the balem whales the extension is 
below ^e orbital process of the frontal. 
Forwards it extends neariy to the ex- 
tremity of the snout. The premaxillae 
{P.Mx.), whidi are long narrow bones, 
bound <mly a very small part of the oral 
border of the upper jaw. The nasals 
{Na.) are relatively small. The tym- 
panic bone is very large. In the 
M}rsticeti two bony pedicels coimect it 
to the periotic. The anterior pedicel is 
absent in the Odontoceti and the pos- 
terior support does not involve bony 
fusion at the tympano-i)eriotic junction. 
The lower jaw is remarkable for the 
absence of an ascending ramus. Baleen 
is keratinous. It is therefore in no 
way related to true bone (p. 73). 

The scapula in most of the Cetacea 
is broad and flat and expanded into the 
shape of an open fan. The spine has 
practically disappeared. The acromion 
is a slightly curved laminar process with 
a narrow base of attachment. The 
coracoid also is compressed and parallel 
with the acromion. In some, both 
acromion arul coracoid are absent. 
There is never any trace of a clavicle. 
The humerus is short and very stout. 
Its head is foeely movable in the glenoid 
cavity, ami its distal articulating sur- 
faces are flat and oblique, meeting at 
an an|^. The proximal ends of the 
radius and idna are firmly united with 
the humerus and therefore allow of 
yety httle movemwit. At the distal 
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end there are no complete synovial membranes. The manus is extremely 
modified. In all cetaceans it functions as a single unit with negligiUe in- 
dividual mobility among the component ele- 

T ments. There are no synovial joints. The 

carpus is in some (whalebone whales) almost 
entirely cartilaginous, as also are the meta- 
carpals and phalanges. These cartilages are 
coalescent, or separated by intervals of fibrous 
tissues. In some of the carpal elements bone 
is deF>o.sited. In the toothed whales the car- 
pals are complistely ossified, and ^e of 
polygonal form. The phalanges are al» ossi- 
Fig. 562. — Batmttopiera: fied, with incomplete synovial articul<«ions. 
Sternum. ter ower. Cetacea there are sometimes five mgits, 

sometimes only four, of which the second is usually the longest (Fig. 564). 
A few species have considerably more than the customary number of 


Fig. 362. — Balanopiera: 
Sternum. (After Flower.) 



Fig. 363. — GloMeephala: Skull. Sagittal section in a dolphin, a. angle of mandible; on. 
external nares; A. S. aii-sphenoid ; bh. basi-hyal; B, O. basi-occmital; i 5 . S. basi-sphenoid; cd, 
condyle of mandible; c, p, coronoid process; Ex, O, ex-occipital; Fr, frontal; /. P. intw-parietal; 

P. mesethmoid; maxilla; Na. nasal; Pa, parietal; P^. periotic; Pf. palatine; P*mx, 
premaxilla; p. n, posterior nares; P.S. pre-sphenoid; Pt, pterygoid; s.A. stylo-hyal; 5 . O* 
supraoccipital; Sq, squamosal; t, h, thyro-nyal; Vo, vomer. (Ator Flower.) 


phalanges {hyperphdlangy ) ; sometimes as many as fourteen may occur. In 
whales with broad flippers (e.g. Monodon, Ddphinapierus and Phoaena) the 
number of phalanges is reduced, and in those with long, nartow limi^ (e.g. 
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Globicepkttla, Megaptera), the number is increased with maturity.. It is of 
interest that whales are the only mammals that retain traces of discrete fourth 
and fifth distal catpals. 

Vestiges of the pdms are present in the form of a pair of long narrow bmies 
(Fig* P^^> which lie parallel with the spinal column some little distance 
below the region where the chevron bones begin. 

These are completely isolated and appear to represent 

the ischia. A second pair of smaller bones which lie 

close to these in the whalebone whales are apparently ^ 

vestiges of the femora. There may be additional # 

vestiges representing the tibiae. ^ \ 

Internal Adaptations of Cetacea.— Some whales can 
submerge for more than thirty minutes, and their sub- 
marine habits (unique as far as homoeothermous ' ^ f}\ yJSS 

animals are concern^) are made posable by a series UF 

of extraordinary morphological adaptations. To some ^ ^ iJU 

degree the Cetacea have redeveloped piscine charac- jW 

teristics. e.g. in body-form, the almost total lack of in 

bristles and absence of external ears; the long snout, 
lack of neck, and the broad, powerful tail. These ^ ^ 

characters mimic the typical fish form and make for W ^ 

smooth and unimpeded progress through water. w 

Even more remarkable adaptations, peculiar to 
the group, have developed internally. The so-called 
‘ spout ’ or ‘ blow ’ was traditionally explained as a jet u 

of water, and is generally held to be the condensation 
of warm air expired from the lungs through the dorsal *F 
blow-hole when the whale surfaces. Opinions differ, 
however, as to whether the blow is more conspicuous 
in polar than in tropical seas. A recent suggestion 

is that the 'Wow' is composed of nitrogen-charged FtG.564.— OfoMeej>a«ta: 

foam. Foam developed from a finely-divided emul- itob 

sion of fat droplets (in mucus) and gas has been found *’ 

in the middle ear and trachea of several spedes of lunar; JR. radius; sea- 
whales. (In the ear it may subserve a sound- 
instilating function.) Fat has a high nitrogen absorp- Fkwer.) 
tion capacity : in the respiratory tract the fatty foam 

may constitute an auxiliary excretory device. Audition may be improved by 
modifications of the Eustachian tubes as capacious, air-filled diverticiila in 
the pterygoid and palatal regions. The blow-hole leads vertically to the nostrils 
which, varying frrnn group to group, have moved backwwds with rorrespoiid- 
ing mnAiArttfinn of the doTsal cranial bones. The nostrUs are equipped with 


phoid; trapezoid; V. 
ulna; u. unciform. (After 
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valves which are dosed during diving. The epiglottis is peculiar: it has 
become tube<like and intra-narial. 

The remarkably prolonged submeig^ence can be maintained only with the 
aid of ^)edal accessory respiratory arrangements, some of which are stQl in> 
completely uiulerstood. The musdes are heavily chaiged with 
giving whale-meat its characterktically dark colour, and this device (Fig. 326) 
fadlitates tissue oxidation during die tremendous dives. There is evidence, 
too, that the musdes can function anaerobically, thus setting up a large tem- 
porary oxygen debt that can be redressed later. The raormous system of ratta 
miraMlia (Fig. 236, p. 342) also enables the storage of a huge oxygen volume that 
can be drawn upon during submersion. WhaJei^ avoid the 'diver’s papdysis’ 
('bends', 'caisson sickness') that attacks Man when he ascends quickly from 
extreme depths. A submerged human diver continuously breathe com- 
pressed air. At the same time the nitrogen dissolves into his blood-»ream. 
If he comes up too rapidly without 'staging', nitrogen is liberated and bubbles 
may block small blood vessels and lead to paral3^is, cerebral an8emia\ and 
death. As whales can inhale and submerge with only sufficient air to fill their 
lungs, there is a strict limit to the amount of nitrogen that can be dissolved into 
the drculation. It has been shown that the species that dive deepest have a 
relatively smaller lung capacity than others. Again, there is evidence that 
when a whale dives deeply, pressure causes the belly viscera to be thrust against 
the immense oblique diaphragm, which then compresses the lungs and forces 
air anteriorly into the trachea and forward passages. Meanwhile, the now com- 
paratively empty alveoli contract and become thick-walled, and so gaseous 
exchanges between the limgs and blood remain at a minimum until the animal 
ascends above a certain level. 

Whales lack a scrotum, and the testes are intra-abdominal. The elongated 
penis, operated by a correspondingly massive ischio-cavemosus muscle, is curled 
when not in erection. There is a bicomuate uterus, but usually only a single 
young one is produced at a time. The gestation period is more than a year in 
some forms and the new-^bom calf may be tme-third of the mother's size. In 
the Blue Whale {Bdanoptera mitsculm (Fig. 554)), which grows to about xoo 
feet long, the gestation period is said to be about a year. The neonatus weighs 
more than two tons and is some 23 feet long. It is sported to grow at a rate 
of about 200 lb. per day while suckling and to readi puberty at about four 
years of age. A single pair of teats occur in the inguinal area. The mammary 
glands are equipped with a remarkable miKodar aj^Muratus that pumps milk 
(containing up to 38 per cent fat, rf. p. 58^ mto the mouth of the call For 
the compositimi of other kinds of «>iiv see p. 849* 
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COHORT FERUNGULATA 

This large group contains all manunalian groups not previoudy dralt wiHi. 
It is divided into five super>oiders. These are : i. the Fer* (including cmly the 
Carnivora) ; 2. Protoungulata (four extinct orders and the Tubulidentata) ; 
3. Paenungulata (lour extinct orders and the Hyracoidea. Probosddea, and 
Siienia) ; 4. Mesaxonia (order Perissodactyla), and 5. Paraxonia (order Artio- 
dactyla). It is possible that the constitution of this major group vdll be 
altered by future study, but ccmvincing paleontological evidence is availaUe 
that the Carnivora and hooved animals of widely differing kinds (the even~toed 
artiodactyles, e.g. deer, and the odd*toed perissodactyles, e.g, horses), arose, 
together with certain others, from a common Palseocene ancestry. 

Super-order Ferje 

The clear demarcation of the Carnivora from all other groups even before the 
Palseocene, their proved antiquity and their peculiar diversity, cannot be 
adequately expressed by mere ordinal rank and so they form the sole order of 
the present super-order. 

Order Carnivora 

The modem carnivores are relatively difficult to characterise. The fusion 
of the scaphoid, lunar, and centrale, however, is constant in modem carmvores. 
(These elements are said not to be fused in Miacidse.) Other characteristic 
features are the almost imiversal retention of the full number of incisors and 
the well-developed canines. (Sloth-bears, Mdursus, have lost the inner upper 
pair of incisors.) The post-canine dentition alwajre shows a certain amount of 
reduction and a rather wide range of adaptive variation, as described below. 
The pedal digits are usually five, and are never less than four. The toes are 
armed with sharp claws which are often retractile. The brain is well-developed. 

The present radiation of carnivores may be said to start mainly in the 
Oligocene period, but the line can be traced backward through late Eocene 
Camdae to the Miacidse of the Palseocene, until it becomes merged in the basal 
creodont-insectivore stock from which so many orders arose. 

The group has been sursmged as follows : 

SiA-iHrdflr Creodonto 

gmtHae Aiotoeyoiddas (Lower Palaeocene-Eocene) 

Mesonyeliids (Palaeocene-Eocene) 

Of ysanMaa (Palaeocene-Eocene) 

Hyanodoiitldse (Eoceno-Pliooene) 

SiA-«iitrllnipedia 
•apaMtmay Waeoidea 

»»**M«* (Palaeocene-Eocene) 
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Soper-family Canddea 
Families Ganidm (Eocene-Recent) 

Urddm (Miocene-Recent) 

Proeyontda (Miocene-Recent) 

Mustelldm (Oligocene-Recent) 

Soper-family Feloidea 
Families Viverrldm (Oligocene-Recent) 

Hymnidm (Miocene-Recent) 

Felidm (Upper Eocene-Recent) 

Sob-order Pinnipedia 
Families Otariids (Miocene-Recent) .. 

Odobenidm (Miocene-Recent) 

Phoeldm (Miocene-Recent) 

Sub-order Creodonta 

Until their final extinction during the Pliocene, the sub-order Creodonta 
were the dominant flesh-eating mammals. They radiated into four families. 
Of these, the earliest, known from the Lower PaJaeocene, were the Arcto- 
cyonidae. These were small animals primitive in general structure, with low 
skulls, small brains, and with a complete dentition. Shearing carmssicd 
teeth were not yet developed, and the molars were usually of the tuberculo- 
sectorial pattern. The limbs and body were long and slender, with a lon^ tail, 
the feet pentadactyle and plantigrade. From this centralised and unspecialised 
assembly arose (mostly during the Palaeocene) the Mesonychidse, Oxyaenidse 
(all of which disappeared about the end of the Eocene), and the Hyaenodontidae, 
which lived until the Oligocene. 

The Mesonychidae, like the Arctocyonoidea, developed no caunassials, but 
the cusps of the cheek-teeth became broad and blunt, and in some of the later 
forms developed a hypocone. The feet possessed flattened, fissured terminad 
phalanges which appeared to have borne small hooves. 

The Oxyaenidae and Hyaenodontidae are characterised by having ‘false’ 
camas»als, in the sense that they are never the corr^ponding pair of teeth 
(fourth upper premolar amd first lower molar) as those in the Miacoidea Md 
modem carnivores. In the Oxyaenidae the camassials are the first upper amd 
second lower molars, in the Hyaenodontidae the second upper and third lower 
molars (Fig. 565). The two families in thdr day were the most successful of 
the earlier radiation, and gave rise to some lautge forms, though Andrete- 
sotcJms, a mesonychid from the Lower Oligocene of Mongrflia, reached the 
largest size of all, with a skull three feet in loigth. 
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St7B-ORJ>ER FiSSIPEDIA 

The first true fissipedes arose in the Palaeocene, possibly from the Amto- 
cyonidae. The group expanded during the Eocene, radiating into the modem 
families during the Oligocene. As in 
other fissipedes, and in contrast with 
creodonts, the Miacidse possessed true 
camassials which were developed 
from the fourth upper premolar and 
the first lower molar. The terminal 
phalanges were not fissured. Miacids 
differed from other Fissipedia, how- 
ever, in that the scaphoid, limar, and 
centrale remained unfused. 

The modem Fissipedia are classi- 
fied on a number of anatomical 
characters such as the structiue of 



the auditory bulla and the presence 
or absence of an alisphenoid canal. 
For practical quick identification of 
specimens, however, the most useful 
guide is the pattern of the molar teeth 
and the presence or absence of the 
flesh-cutting camassial teeth (the last 
upper premolar and the first lower 
molar in all modem forms). In the 
classification adopted here we sepa- 
rate them into two superfamilies (i) 
the Feloidea (= Aeluroidea) com- 
posed of the Viverrida, Hyaenida, 
and Felida and (2) the (^oidea 
(Arctoidea) including the Canida, 
Procyonida, Mustelida, and Ursida. 
Of the above seven families the 
Viverrida, Canida, and Mustelida 



are perhaps basic groups, possibly 
stemming independently from 
Miadda. Within the Canoidea, the 
history of the Family Canida (dogs. 


Fio. 565.— OuBivofa: OomparlxM el cne- 
deat aad Upper asid lower 

teeth of Felis (cat) (top figure); Hyanodon 
(middle figure) and Oxy»na (lower figure) show- 
ing ^ different anangemeut of the c a m ass i al 
teeth. The camassials are riiaded. 


wolves, and foxes) is illustrated by a 

long series of fossils reaching bade to the Tertiary. They are almost universally 
distributed although the Dingo (Cants dingo) of Australia was introduced 
there by aborigmes. Canine dentition is usually comiflete except 






PHYLUM CHORDATA 


795 

for l&esbseoce of the last i^^er molar. The caraasaud teeth are wdlrdevdoped 
and the iqjper mcdars are bluntly triangular in pattern (Fig. 566). Thou axe 
only four funditmal toes on the hind-feet. The claws are non-retractile. 

The Vivemds* surviving to-day as the civets, genets, mongoosi^ (of various 
kinds), the M adagascar Fossa, and others, probably represtents the 
feloidean stock. Essentially Asiatic and African in distributicm, many of 
these small active a nim als are extremely cat-like in appearance and habits. 
The otter-dvets (Cynogale) of the East Indies are adapted for fishing. Tire 
dentiticm and certain other features of extant forms show 
similarity with those of ancestral miadds. 

The Hyaemdse of Africa and Asia, an early offshoot from dvet stock, feed 
mostly on carrion; the molar dentition is reduced to one in each jaw. The 




Fig. 567. — Order Oaaifwa, Sub-order HnipedL Super-family FaloUM, Family mida. 
Aekttmmx. Ibe Cheetah (A. jtAafa) is the fastest mammal. Although its spi^ is often exag- 
gerated It can, in fact, reach 60 m.p.h. over very short distances. When travelling at speed over 
the veld tiie cheetah seems to remain — almost arrow-like — nearer the ground than shown in the 
above illustration which, however, is drawn in correct relationship from a photograph. 


cainassials are well developed. The upper molar is reduced to a functionless 
vestige, transversely placed. The teeth as compared with those of the Felidse 
are blunter and coarser, an adaptation to bone-crushing. There are never 
more than four pedal toes and the daws are non-retractile. The tympamc bulla 
has internally a rudimentary septum which partially divides it. The aberrant 
Protdes, the Aard-wolf or Earth-wolf of Africa is insectivorous and has teeth 
reduced to simple cones. Like the hyaenas it is obviously a highly specialised 
viverrid of^hoot and, following recent authors, it is here cla ssifie d with tiie 
Hyamidae. 

The Fe£u 3 ae are essentially carnivorous nocturnal hunters with large eyes, 
diort skulls, and retractable daws. They usually lie in wait for, or creep 
i:^pon, thdr |>r^t finalEy securing k with a mighty spring. Unlike dogs, th^ 
are Indiv ^****!**** fo bunting and do not run a great deal. A st rikmg 

exceptiodie hbwever, is the Oieetah {Adnot^x) (Fig. 567). 
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pursues its prey and is the fastest living mammal over a very short dbtaime. 
In 1937 cheetahs were tested against greyhounds in Britain, and the fastest 
were reported to cover a 355-yard lap at 55 m.p.h. The Cheetah moves with a 
series of boimds and catches the speediest gazelles. It occurs in Africa and 
Southern Asia and has been used as a so-called hunting-Teopard' or hunting- 
'dog' for centuries in India and Persia. Its clav^ are only partly retractile. 

The teeth of the Fdidae are highly specialised 
for seizing, holding, tearing, and shearing, but not 
for grinding, meat. There are very well-developed 
camassials. The Felidae possess extremely small 
molars. The prMiolars, too, are reduced/both in 
number and size to three above and two below. 
In some extinct Felidae such as the sabre-tbothed 
Smilodon remarkable dentitional, and assrciated 
cranial and muscular adaptations arose.! The 
upper canines became inunensely long, flattened, 
and blade-like as stabbing and slashing weapons 
(Fig. 568). The lower canines were markedly 
reduced. The cheek teeth were restricted in 




ViQ. s68.— Felido: Oeotel 
WWlsHiatKiai. Abme; Sabre.tooth 
(SMitAxioii) (Sub*iamily Machaero* 
dontinse) of the Pleistocene (skull* 
leagUi about 12 inches); Bthw; 
True cat (Metailums) (Felinse) of 
the FUoeene. (From Romer, after 
Sdansky.) 


number, and lengthened antero-posteriorly into 
a camassial scissors-like slicing apparatus. , The 
mastoid process (to which the larger neck muscles 
were attached) became massive, suggesting that 
the upper canines were speared downwards by a 
powerful neck-thrust. Such a movement is quite 
different from the action employed by modem 
cats, which kill with both upper and lower 
canines as the jaws are closed (Fig. 568). The 
relatively reduced coronoid process of sabre- 
tooths allowed a wide gap, and a shift of the 
shearing camassials (better developed than in 
modem cats) backwards towards the jaw articu- 
lation where they would exert greater power. 
Smilodon was extinguished only about 25,000 


years ago. There was, incidentally, an approximately parallel evolution ammig 
the marsupials {e.g. the South American Pliocene Thylacosmilus). In the sabre- 


tooths the daws were completely retractile. The t}anpanic bulla was smooth, 
inflated externally, and internally divided by a complete septum. 

The Mttstelidae (stoats, otters, drunks, martens, wolverines, etc.) form a 
large group in which the post-camassial upper molar, instead of l^ing tri- 
angular, is eiqianded on the inner side (Fig. 566*), sometimes, as in the 
Europran Badger {Aides mdes), very much so. The dental formula varies 
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soanewfaat, but is not much reduced, except that there is never more a 
single post-camassdal nblar in either jaw. The claws are not retractile and the 
t3unpanic bulla is not inflated and has no internal septum. This group was 
well-developed in the Oligocene and one {Megalictis) as big as a bear occaixed 
in the early Miocene. 

The Procyonidx (raccoons, Kinkajou, pandas, etc.) are American in distri- 
butiwr with the exception of the Panda {Ailurus) and the so-called Giant Panda 
{Ailuropoda). both of which are Oriental. The dentition, except for the loss of 
an anterior premolar and the last molar, shows little reduction. r.amgcciaia 
are not developed as shearing-teeth and the upper molars are round in outline 
instead of triangular (Fig. 566 •). The daws are non-retractile. The Kinkajou 
{Potos) is a fruit-eating animal in which the crown surface of the molar teeth 
is degraded to a flat surface only obscurely tuberculated. It has a prdiensile 
tail — a feature almost unique among carnivores. (The arboreal carnivorous 
Binturong {Arctictis binturong) of Indo-Malaya also has a prehensile tail.) 

The Ursidae (bears) appear to have arisen in the Plioceiie. They^were 
probably the last of the Canoidea to appear. They have a fully plantigrade 
foot and non-retractile daws. Like the Procyonidae, diearing camassial teeth 
are not formed. The molar teeth are large, elongated, and much tuberculated 
(Fig. 566 ’) ; the dentition, except for the last molar, is unreduced. The 
tympanic bulla is flat. With the plantigrade gait of bears there have arisen 
pedd and other specialisations that are to some degree convergent with those 
of Man. Thus, the ursine femur is long and superficially hominoid and the 
foot structure of bear and Man is somewhat alike. Should a person be so 
disposed he can sometimes compel himself to confuse the footprints of Man 
and bears. Moreover, bears sometimes produce grotesquely over-sized, com- 
posite footprints by superimposing the hind-foot partly over the print made 
by the adjacent fore-leg. Tracks of the Red Bear {Ursus arctos isaheUinus) are 
almost certainly those that keep alive the Yeti (‘Abominable Snow Man') legend 
of Tibetan shepherd and mountain romantic. 

Bears of various species are commonly saud to hibernate: certainly some 
retreat in winter into prepared dens but whether there is true hibematimi 
(p. 883), involving a prolonged period of greatly lowered body temperature and 
general metabolism, is stiU uncertain. 

Sub-order Pinnipedia 

Seals (Fig. 569) are in general piscivorous, but many species subsist largely 
on crabs, others on squids and some on euphauaian plankton. As compared 
with the teeth, jaws, and associated muscles of fissipedes (see above) those of 
the Pinnipedia are simidified for grasping and tearing rather than chewing. 
There are no ca ma ssial teeth. There are never more than two pairs of lower 

iDdsms in the adult; and never more than five pairs of lowwpost-camnes (four 

vouri. ®3 
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premplais, one molar). The teeth are basically comcal, with a sing^ «own, 
although specialisations have appeared, ranging from an 
anterior and p(»terior additional cusp to an elaborate 
mMw. series of notches used for straining euphausians and 

other crustaceans by the Crab-eater seal. In the Walrus 
{pi which there are two sub-species) the teeth are 
extremely aberrant: the upper canines may reach a 
length of 39| indies along the curve. The primary 
^ function of the tusks in both sexes is to tear dams from 
\ the ocean floor. The facial part of the skull is abbre- 
^ viated, the cranial elong^ated. , 

There are three families. The Ota- 
I nidre (sea-lions and fur seals) and Odo- 

benidse (walruses) are gresiignde or 
'walking seals’. The members of both 
these families can turn the hind-fe^ for- 
ward for progression on land ; the fore- 
limbs are the primary swimming organs. 
J’iil third family, the Phocidae is com- 

posed of reptigrade or ‘wriggling seals'. 
I §* , These have the hind-limbs (as far as the 
^ 8 ^ 2^ ankles) bound up with the short tail M^th- 

™ body covering. Such limbs are 
I ^ , almost useless for terrestrial locomotion. 
“ 8^ group tbe hind-limbs are the 

’fS'a primary swimming organs. The Ota- 
'S J ^ riidae derive their name from the short, 
® cartilaginous pinnae which are absent in 

i' i the other two families. 

^ y®* fossils linking land cami- 
Iwi "J vores with pinnipedes have been dis- 

^ * covered. Nor can it be said with assur- 
ance which of the three families is the 
Yl ^ wiSt- oldest. The Pliocene Semantor, a long- 
tailed animal which was probably cap- 
able of walking, has been often thought 
to beloi^ to a juimitive pinnipede stock. 

. Some modem authorities consider it to 

V > be more likely an otter (p. 796). . 

^ Sk^oo of ^ Gandv<aa»---Tlie atlas 

is very large, with wing-like lateral processes, the neural ^ine of the axis is 
^mgated and compressed; the odontoid process conical. The other cervical 
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v 6 rtc 3 }nelUiVesniaHs{iinesaiidla]^transvei 8 eptooesses. Tliei)eantwraty<v 
twenty-one tiMwaco-lumbar vertebrae. The most anterior have 

riender, barikwaixUy-^oping spines. In the post^or thoradcs in^a- 

Fto. 570. — CmtUa: SknU. 

Dog. lAtenU view. C. oee. 
occipital condyle; F. Iron* 
tal; F. infraorbital 
foramen; Jg, jugal; Jm. 
premaadlla; L. lachrymal; 

JIf. maxilla; JIf and. external 
auditory meatus; Md. 
mandible; N. na^; F. 
parietal; Pal. palatine; 

P^t. sygomatic process of 
squamosal; Pt. pterygoid; 

Spk. ali<spheooid; 5g. 
squamosal; Sg. ace, supra* 
occipital; T. tympanic. 

(After Wiedetdieim.) 

pophyses and anapophyses are devdoped. The transverse processes of the 
lumbar vertebrae are extremely long and the spines short. The sternum is 
long and narrow, composed usually of eight or nine pieces. The sternal ribs 
are almost uncalcified. 

In the skttU of the Cormvora vera 
(Fig. 570) there are prominent sagit- 
tal and lamboidal crests. The tem- 
poral fossae are very deep; the orbits 
are not separated from them by 
bone. The relative development of 
the facial region varies in the different 
groups : in the bears and their alUes, 
and in the dogs, it is elongated, 
whilst in the cats it is very short. 
The zygoma is strong and greatly 
arched outwards. The glenoid fossa 
is a transverse groove, to the shape 
of which the transversdy elongated 
condyle is adapted. In the cats 
riiere is a large rounded tympanic 
bulla (Fig. 571), the cavity of which 
is divided into anterior and posterior 
parts by a septum. Tl^ antxaior 
cmrtains ^ auditmy ossides and the opening of the Eustachian tube. The 
hcmy auditory meatus is shmrt. The paioccipitai » dosdy apjdkd to the 
posteiioBC suzfoce cd ttie tympanic boUa. In fte dogs the septum of the bulla 



F1G.371.— fMfa; AnittoqrlwUs. Tiger. Left, 
in section. * aperture of communication between 
the two chambm into which the cavity of the 
buUa is divtdtMi; a. m. external auditory meatus; 
B. O. basi*occ^itaI; s. Eustachian tube; t. r. the 
inner chamber; o. c. the outer chamber; Pt, 
periotic; s. septum between the two chambers; 
'Sf. squamosal. (Alter Flower.) 
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is incomplete, the auditory meatus short, and the parocdintal process not 
applied to the bulla. In the bears and thehr allies the bulla (F%. 57a) is 
usually less dilated, and the septum is absent or represented by a ridge only, 
while the bony auditory meatus is elongated. 



Fig. 572. Ursua : Avdltoqr 
India. Left, in section, a. m. 
external audito^ meatus; B. O. 
basi-occipttal; Car. carotid canal; 

Eustachian canal; g, glenoid 
camd ('foramen glenoideum which 
Jieads to a venous canal wUch runs 
upwards and backwards into the 
lateral sinus'; Sq. squamosal; T, 
tympanic; /. tympanic ring\ (After 
Flower.) 


The cranium in the Pinnipedia (Fig. 569) is broad, rounded, and rather 
compressed from above downwards. The orbits are large and relatively closely 
opposed. 

In the Carnivora vera the spine of the scapula is situated at about the middle 
of the outer surface of the bone. The acromion is usually well developed, some- 
times with a metacromion. The coracoid process is very small. The clavicle is 



57S^—Vr9U9 : Caxpns. c. 
cuneiform; m. magnum; p, pisi- 
form; r. 5. radial sesamoid; s. /. 
soapholunar; td, trapezoid; im, 
trapezium; u. unciform. (After 
Flower.) 


Sorter than the other digits, 
a vestige of the metatarsal. 


never complete, sometimes entirely absent. 
There is a supra-condyloid foramen in the cats 
and some of the other groups, not in the dogs or 
bears. 

The scaphoid and lunar are united (Fig. 573). 
There is no separate centrale. A radial sesamoid 
is usually present. There are five digits, though 
the pollex may be reduced in size, as in the dog, 
and it is vestigial in h}raenas. 

The pelvis is long and narrow. In the tarsus 
all the customary elemrats are developed. The 
hallux is fully formed in the bears, etc., but 
In the cats and dogs it is represented only by 


In the Pinnipedia (Fig. 569) both acromion and coracoid are ^ort, and 
the scapula is curved backwards. There is no clavicle. The bones of the fore- 


limb are ^ort and stout. The humerus has a prominent deltoid crest and has 
no foramm above its inner condyle. The «lt|a is greatly expanded at its 
jmDxhnal, and the radius at its distal, end. The mawnft is and expand^- 
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The scaidicnd and lunar are united to form a scapho 4 \inar. The 
phalanges are netu-ly straight, slender, and pointed. The ilia axe ^hort. The 
symph}^®^ pubis is ^unrt and without finn union of the bones, an advantage 
in delivering the large precocious young. The femur is rfiort, thick, and 
flattened. The fibula and tibia are commonly ankylosed proximally. The 
calcaneum is short and usually without a distinct calcaneal process. The 
lateral digits are usually the longest. 

Super-order Protoungulata 

The term ‘ Ungulate ’ has been used to cover a multitude of hooved grazing 
animals, many of which are but remotely related. Further, modem evidence 
from fossils appears to indicate a much closer relationship between the Carni- 
vora (p. 791) and the hooved ‘imgulates’ than was previously surmised. 
Hooved animals fall into a variety of widely divergent groups and it is probable 
that the even-toed cow is as unrelated to the odd-toed horse as it is to the cat. 
Hooves, like so many characters once considered to be fundamental, have 
arisen independently in several groups in response to special environmental 
conditions. In addition, grazing animals of apparently independent stems 
have evolved highly specialised grinding teeth of various kinds (as well as 
numeroiis muscular, articular, and alimentary adaptations), long necks and 
legs, and various social tendencies related to self-preservation. 

Although Cretaceous strata have so far yielded no hooved grazing mammals, 
several unquestionably distinct groups had appeared by the early Tertiary. 
Of these, the Condylarthra were the most successful in the Palaeocene. Before 
their extinction in the Eocene these probably gave rise to several other notable 
groups. 

The super-order Protoungulata has been arranged as follows : 

SiiperH>rder Protoungulata 
CMer Cradylarthra 

FamUiea Hyopsodonttdm (Palseocene-Eocene) 

Hienaeodontlda Palseocene-Eocene) 

Dldolodontktee (Palseocene-Eocene) 

PM^tyohidm (Palseocene) 

Menisootheriidm (Palseocene-Eocene) 

Tubulidonteta 

OryotoropodidsB (Pliocene-Recent) 

Order Notom^pilata 

Sttb-ocden Hottoprogonia (Palseocene-Eocene) 

Tomdontla (Palseocene-Pleistocene) 

1'ypotheria (Eocoie-Pleistocene) 

Hegetothwda (Eocmie-Pleistocene) 
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Order Litoptema 

Families manraueheiilldaB (Upper I^seocene-PIdstocene) 

ProterotherUdee (Upper PaUeocene-Lower Plmcene) 
Ordw Astrapothwia 

Sub-orders Trigonostylopoldea (Eocene) 

Astrapotiierioidea (Eocene-Miocene) 


Order Condylarthra 

This order, an important basal group approaching the early Creodonta in 
some respects, is characterised by the foreshadowing of hooves — i.e. they are 
on the ‘ungulate’ line of evolution rather than'dii the ‘unguiculate’. 'iTiere is 
also a tendency for the third toe to become progressively larger than thejpthers. 



Fig. 574.— Oraer Coa- 
d^rtatOna, FamiljA Hjrog- 
sodontite. JVvopiNMfwi: 
Skldl. This North Ameri- 
can Eocene condylarth 
was about the size of a 
hedgehog. It had clawed 
phal^ges and may have 
been semi-arboreal, fr. 
frontal; i.o.f. infra 
orbital foramen; jn. jugal; la 
lachrymal; la.f. lachrymal font' 
men; moz. maxilla; w./. mental 
foramen ; na. nasal ; oc. occipital 
pa. parietal; pa.p. paroccipital 
process; pg.p. postglenoid pro 
cess; pmx. premaxilla; sq. squS' 
mosal. (After Matthews.) 


thus producing a mesaxonic (p. 824) , as compared with a paraxonic (p. 836) , foot. 
These two characters suggest that the Perissodactyla arose from some early 
members of the group, although no direct ancestor has so far been discovered. 
The tooth pattern of such a form as the condylarth Ectodon, itself an Eocene 
form too late to be ancestral, could easily be modified into that of Hyracotherium, 
the earliest known horse (p. 826). 

The chief characters of the early condylarths are mostly n^ative ones, as is 
to be expected in any very primitive group. The omnivorous, non-predaceous 
character of the teeth is unlike what was evedving in the allied creodonts, and 
there is none of the specialised features, such as the shortening of the laws and 
reduction of the incisors found in the Primates. There is a general resemblance 
to the insectivores, but none of the specialisations of that order is observable. 
The astragalus, a diagnostically important bone (p. 8S9» Fig- 623), » of the 
creodont-camivore type and the carpus is normallyinteriockmg with the.c«tttrale 
retained. 

In general, the Condylarthra are to be con^ered as primitive, and not far 
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removed from tl» generalised ancestral stock of the Cretaceous poiod. They 
are probatdy ancestral to a number of later groups. 

ipjeroarttve fain2ks : the Hyopsodontidae, Phenacodontide, Periptyrdud*, 
Meniscotheriidse, and Didoktdontidae. This last famfly only SouHi 

American a nim als that appear to be a connecting link with the exclusivdiy 
South American Litoptema (p. 805). 

The Hyopsodmitidse (e.g. Hyopsodus, Fig. 574) fhe more primitive forms, 
and have a general resemblance to insectivores and primates. Hyopsodus, 
with its sexitubercular molaTS and hedgehog-like skull, was formerly placed 
in (me w oth« trf the above orders until the discovery of its typically condjdarth 
astragalus decided its truer position. The Miodaeninse (e.g. Miodanus) have 
tritubercular teeth, and both retain, among other primitive features, daws 
rather than hooves and an interlocking carpus. 



Fic. S75. — Order OaadjdSiUixa, Family PheasoodoBtida. Phenaeodwa. A North American 
(Upper PaJaeocene and Lower Eocene) and European (Lower Eocene) protoungulate which attained 
a length of about five feet. (Am. Mus. Nat. Hist.) 

The Phenacodontidae comprise several genera, among which are Tetrada- 
nodon, which, in having blunt claws rather than hooves, somewhat bridges the 
gap between the condylarths and creodonts, and Phenacodus (Fig. 575), its 
direct descendant, which has become specialised in having a serially arranged 
carpus and by the loss of the clavicle. Ectocion, an Eocene genus, has, as 
already mentioned, a dentition approaching that of the early horses. In this 
family the feet are, as in the others, pentadactyle, but with a progresave 
tendency to tridactylism, to digitigradism, and to a broadening of the ungues 
into anall flat hooves. 

The Peiiptydiidse (e.g. Periptychus, Conacodon. Edoconus) also have narrow 
hooves, axe a specialised side-line with enlarged premolaxs and multicuspid 

molars, uhkh prevent them from appearing as ancestral to any later forms. 
Their earlw members ate closely akin to the Hyopsodontids. 

The {Meniscothmum, Phurasptdothmum) retain a very 

primitive foot structure, but have become ^ledalised in them very selenodont 


ZOOLOGY 


804 

molars. On this ground they have been considered as ancestral to the Hyra- 
coidea, though proof is still lacking. 

The Didolodontid®, with primitive bunodont molars and simple pronolars, 
are on the line leading to the early Litoptema, such as Diadiaphorus. 

Order Tobulidentata 

The relationship of this order is problematical. At one time it was grouped 
with the Edentata (Xenarthra and Pholidota), but now it appears possible that 



Fig. 376. — Order TttbnUdtBtsia, Family Otyotempodidn. , Ori/eteropua._ Only one sj^ies of 
Aardvark or ‘ Earth-pig ’ (O. afer), of perhaps three geographical races, survives over a wide area 
of African savannah. Atout the size of a small pig, the nocturnal Aardvark lives almost exclu- 
sively on termites. Mounds arc breached with powerful hoof-like claws and the insects ^ 
gathered on its sticky tongue. The sub-maxillary glands are relatively enormous and the parotids 
highly developed. Orycteropus has remarkable auditory powewmnd its olfactory turbinals are 
perhaps more extensive than in any other mammal. Sensory vibrissa;, too, are Inghly dei^loped. 
The animal lives in a system of subterranean galleries and, if surprised in the open, digs itself to 
safety in a few minutes. (From photographs and B.M. (M.H.) specimens.) 

it is a very early independent offshoot of protoungulate ancestry. The order con- 
tains a single modem genus {Orycteropus, the Aardvark of Africa, Fig. 576) and a 
problematical Lower Eocene form, Tubulodon, from North America. Orycteropus 
is also known from the Pliocene of Europe and Asia and fragments of su|^)osed 
orycteropods have teen described from the C^igocene and Miocene of Europe. 
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The body of the Aardvark is thickset, with the head produced into a long 
muzzle. The fore-limbs are short and stout, with four digits, the 
surfaces of which are placed on the ground in walking. The hind-limb has 
five digits and the body is covered with thick skin bearing scattered hairs. 
Orycteropus lives on termites and has the most strikingly developed turttnals 
of all the Mammalia. The tongue is long and the mouth small. Four to five 
peg-like teeth of peculiar structure are present in each jaw. They lack enamel, 
but possess a coating of cement and a body of vasodentine which is perforated 
by large numbers of fine tubules, whence the order takes its name. The teeth 
of Tubulodon also possess them. The structure of the rather primitive brain 
is stated to show some resemblance to that of Anoplotherium, an Eocene artio- 
dactyle. The skeleton of the Aardvark is much like that of certain early 
condylarths. 

SOUTH AMERICAN ‘UNGULATA’ 

In South America there was an evolution of ‘ungulates’ of great diversity 
of form and of a range in time from the Palseocene to as late a perM as the 
Pleistocene. They are grouped provisionally in four orders whic^^ve no 
connexion with one another beyond some remote condylarth ancestor. 
Although there are, on occasion, superficial resemblances to animals in other 
parts of the world, as, for instance, the curious convergence in foot-structure 
of certain Litoptema and the horses, or the proboscidean characters of the 
Pyrotheria, these four orders in reality have no special relationships with other 
ungulate groups. Each has pursued its own specialised line of evolution. 

Order Litopterna 

This is a small order, consisting of two families, the Macraucheniidse and 
Proterotheriidae. The genus Macrauchenia had a three-toed foot with well- 
developed lateral toes, the neck long 
and camel-like, and the skull peculiar 
in the position of the nasal openings 
far back on the upper surface of the 
skull, suggesting the presence of a 
proboscis. In this order a series of 
genera show an evolution which 
closely parallels that of the horses. 

N<aodiaphorus, an OKgocene form, 
had three toes with the lateral ones 
stout and still resting on the ground 
— about the stage, that is, of Meso- Miome-FUocene. "(After Scott) 
hippits among the horses (p. 826). 

Diaiiaphmts, in the Miocene, had the lateral tow much reduerf, and can 
be compared with Merychippus, while Thoathmvm, also Miocene, was 
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monodactyle to a greater degree even than the modem horse, m that the ^^t- 
bones are reduced to mere nodules (see Fig. 615, p. 858). 

The dentition of these animals has the perissodactyle-like leataxe of 
molarisation of the premolars, but unlike the horses, the teeth are usually 
low crowned. Although there is a superficial resemblance in the molar i>attem 

with the eadier horses, there are 
differences in detail. The tooth- and 
foot-structure combined are never in 
phase with that of any genus of horse , 
so that there is no real danger of 
confusion. 

Order Notoungulata\ 

Four sub-orders are recomiised: 
The first, the Notioprogonia,\ con- 
tains the families Arctostylopids 
(occurring in Asia and North 
America, the only non-South 
American notoungolates), Henricos- 
bomiidse, and the Notostylopidae. This sub-order includes small and primitive 
forms confined to the Palaeocene and Eocene. Some of them closely resemble 
the Condylarthra, and probably reveal the origin of the Notoungulates from 
that group. The second sub-order Toxodontia (Homalodotheriidse, Toxo- 
donti^, etc.) reached considerable body size. The genus Toxodon (Fig. 578) 



Pleistroene notoungulate about nine feet long. 
(After Scott.) 


Fig. 579 — Order Hotoanga- 
lata. Sub-order Toxodontia. 
Family HoinalodotlioriidSB. 
Hamilodoiherium* A South 
American Miocene notoungulate 
about six feet long. (After 
RigtP) 



of the Pleistocene was as large as a rhinoceros. The ty^cal toxodonts had 
large cropping incisors and strongly curved hypsodont indlar teeth. 

The Fa^y Homalodotheiiidae (considered to form a separate sub-mder 
Entelonychia by some authors) is distinctive. The end forms el tins (e.g. 
SpiHaMotkenwm, Fig. 579 ) devdoped clawed feet tho$)e ol the 
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chalicothcaes of fJje NOTthem hemisphere. They became extinct towanis the 
end of the Miocene or beginning of the Pliocene. Thie third sab-oid», Typo- 
theria (Mesotheiiidse, Interatheriidae), also developed enlarged indsms mid 
h3?psodont molars. The final sub-order Hegetotheria (like the third) contained 
rodent-like forms of which some probably resembled rabbits in appearance 
and habits. 

Order Astrapotheria 

This order indudes two families only which, in spite of a general resemblance, 
are so different in basic structure that they are referred to two sub-orders. 
These are : (1) the Trigonostylopoidea (with the family Trigonostylopidae) 



Fig. s8o.— Order AitiapoUieiia, Sub-order ArtrapotiwioidM, Family AftoapoOiwiidak itefni- 
potheriutn, A South American OUgocene and Miocene animal about nine feet long. (From 
Scott, after Rigga.) 

and (2) the Astrapotheroidea (single family Astrapotheriidae). Of the latter 
the typical genus, Astrapotherium (Fig. 580), of Oligocene to Miocene age, was 
a large animal with a disproportionately big head, provided with great canine 
tusks and with retracted nasals suggesting the presence of a proboscis. The 
premolars were reduced and the molars greatly enlarged but not hypsodont. 
The whole dentition is suggestive of the amynodont rhinoceroses (p. 835). 

SUPER-ORDER PiENUNGULATA (SUBUNGULATA) 

This widely divmaified ‘sub-’ or ‘near ’-ungulate group probably had its 
origins in late Cretaceous or early Palaeocene ‘ungulate’ forms, but divmged 
in several from the basic stock bdore the condylarth radiation which 

allowed the dev el opment of the Protoungulates and the Perissodactyla. Thus 
it fonrni a loose, though nevertheless related, assembly contaimng the peculiar 
little Hyrax, the elephants, the dugongs, as well as several extraordinary 
ext^tiKEdnn, 
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The super*order is composed as follows : 

Orders Hyraeoidea (Oligocene-Recent) 

Emhrithopote (Oligocene) 

(Mer Probosddea 
Sub-order Moertthnloidea 

Family Hmrltherildm (Eocene-Oligocene) 
Sub-order Elephantoidea 

Families GomidioiheriidfiB (Oligocene-Pleistocene) 
Mammutida (Miocene-Pleistocene) 
(Pliocene-Recent) 

Sub-order Deinothodoidea ' 

Family Delnotherlidee (Miocene-Pleistocene) 
Sub-order Barytherioldea 

FUmily Barytherildse (Upper Eocene) 

Orders Pantodonta (Palseocene-Oligocene) 

IMnoeerata (Palaeocene-Eocene) 

Pyrotheria (PPalaeocene, Eocene-Oligocene) 
Sirenla 

Sub-orders Trieheehiformes (Eocene-Recent) 

Desmostyliformes (Oligocene-Miocene) 


Order Hyracoidea 

The Hyracoidea show a most curious mixture of primitive and specialised 
characters, and others, too, wherein they seem to resemble several different 
orders of mammals. The living forms of coneys are all small, hooved, rather 
rabbit-like animals of Africa and South-west Asia, and are included in a single 
family, the Procaviidae (= Hyracidse) with the genera Procama {— Hyrax) and 
Dendrohyrax, the latter being semi-arboreal. Hyrax (Fig. 581) should not be 
confused with the pikas or conies (Lagomorpha) of North America and Central 
Asia (p. 779). 

Manus and pes are plantigrade : the former bears four digits and a vestige 
of a poliex ; the latter bears three digits, of which the third is the longest. All 
digits terminate in small flat hooves, save the second pedal digit which is 
finished with a curved daw. The centrale perdsts in the carpus, and the 
astrt^iis differs greatly in diape from that of any other manunal in that 
the maUeohis of the tibia has a large fliat beating on it. A davide is absent. 
The skull shows several peculiar features. The postoibital process arises 
laigdy from the parietal, and the postoifaital bar is complete in Detiirokyrax 
but not in Procaoia (Fig. 58a). The jugal is a very stout btme, and mctends 
backwa^ to take as large a share in the g^dd cavity as in any mmsuiaal. 
The periotic and tympanic are ankylosed t^thmr, but not to the squaim>sal. 
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The tympanic ioam a bnUa and has a spout-like extemal auditmy meatus. 
The seventh cervical vertebra is sometimes pierced by the vertebral artery. 
The scapula is triangular, as in Artiodactyla, and lacks an acromion. Doiso- 
lumbar vertebrae are as many as twenty-two. The radius and ulna arc 
partially crossed, as in the Proboscidea. 



Fig. 581. — Order HflMOidea* Family PiooftTiidaB. Proeavia. The byraxes, 'dassies* or 
coneys (the 'feeble folk' of the Bible) » are robust, tail-less, colonial, and immensely agile animals 
about the siae of a hare. Procavia is diurnal and confined to Africa and a few areas of South- 
west Asia. It lives in rocky outcrops, often in arid or semi-arid country, A second genus of 
rock hyraxes is Htierohyrax. The tree-hyraxes (Dendrohyrax) are adapted to an essentially 
arbore^ and nocturnal life and spend much of the day in tree-hollows. Rock and tree hyraxes 
thus live almost side by side in certain equatorial areas {e.g. Mt, Kenya) without competition. 
The manus of Procavia bears four flattened claws, the innermost being stouter and adapted for 
gripping laterally on difficult surfaces. The head is protected by prominent tactile vibrissas and 
the body, too^ Dears elongated bristles on dorsal and lateral surfaces. (From B. M. (N.H.) 
specimens.) 

The dentitimi includes a single pair of laige curved upper incisors gtovnng 
from perskteut roots like those of rodents, but triangular in section. Canines 
M'e absent. There are four pimnolars and three molars which are lophodont 
and in pattern look rhinoceros teeth in miniature. The lower jaw carries 
two pairs of incisors, which are spatulate and comb-like, as in some lemurs. 
It has a foramien wtdeh pierces the coronoid just b^ind the last m(dar, as in 
the SouSi 4tnetican ^rpotheres (p. 807). 
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There is no gall-bladder. The caecum has a pair of c^al pouches, a feature 
unknown in any other mammad. The testes are abdominal. There is a 
dorsal glanH on the back not unlike that found in the peccaries. This curious 
mixture of characters renders it difficult to suggest the affinities or origin of 
this order. A remote affinity with the Proboaddea and Sirenia has been 
variously suggested. 

The order is known as far back as the Oligocene of Egypt, where Sagha- 
thmum and Megalohyrax have been found. Both are hyracoid in dentition, 
but neither appears to be on the direct line of evolution. The latter form was 
of considerably larger size than the modem forms. Myohyrax comes from 



Fig. 382. — Proeavia: HriU ud dintitiop. Male hyrax, in lateral view, x, premaxilla; 2. 
nasal; 3. frontal; 4. maxilla; 3. Iachr3rmal; 6. palatine; 7. parietal; 8. jugal; 9. interparietal; 
xo. squamosal; xx. supxaoccipital; X2. mastoid; 13. paroccipital. (From B.M. (N.H.) specimen.) 

the Lower Miocene of Eg3^t and Pliohyrax from the Lower Pliocene of Greece. 
The order appears to have originated, like the Probosddea, in North or Central 
Africa. Rich deposits of hyracmd material fnnn the Miocene of East Africa 
have thrown a great deal of light on the evolution of the group. There is great 
similaTity betwem it and peiissodactyle evolutioui- This had led Whitworth 
to include the order among the Mesaxonia, but these hyracoids do not resemble 
early Mesaxonia any more than do some of the South American imgulates, 
which certainly are not Mesaxonia. Po^bly it is best fax the present to 
follow Simpscm and leave the Hytacddea among the Pawiungnlata. 

Order Embrithofoda 

The order Embrithopoda is rqjresented by Arsinoiiheritm (Fig. 583), a 
heavy animal the size of a rhinoceros from the Low^ CHigocmie of It 
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has massive limbs and stumpy, five-toed feet. The skull is remarkable tiie 
presence of a pair of large, forwardly directed nasal horns placed ^de 1 ^ side 
and united at the bases, and of a pair of quite small frontal horns. The 
dentition is complete and without diastemata. The canines are indsiform and 



Fjg. iiSi.— Order EmtaiUuwoda. Farndy AniBCdUieriidfB. Antnott^tu^ This renwka^ 
genus, solitary in its order, is sometimes grouped with 58i). pro^id^^f^^ 

s87l and sirwians (Fig 504) as 'subungulate’. A. ettteh (above lived m the E^tian Lowct 

feet long aild larger than a w 

the hvraxes is sueeested bv its molar pattern, but nothing is known of its ance^ and it leit no 
d^eXte xL^ThSp horns fused^at the'base, were supported by teny 
nasals. The cartilaginms nasal septum, too, was ossified in their a"PP®f* 
posterior projectioM grew from the frontals. The ^entibon ^ co^ete (^J^) 
to a vegetarian diet. The animal probably possessed mobile lips adapt pp g- \ 

after Andrews, Augusta.) 


the cheek-teeth hypsodont. The molars are bUophodont. i^yond a faint 
suggestion in the molar pattern of some hyracoid affinity, nothmg can be said 
as to the relatifms of this peculiar animal. 


Order Proboscidea 

This Older includes the elephants <Fig. 584). mastodons, and t^ei^fes 
whidi are tb^ largest recent land-animals. Excq?t for an aberrant and extinct 
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group of rhinoceroses (p. 835) they are probaMy the hugest laiui mammaU ever 
to have existed. Next to Man, they possess the greatest iiKhvidiial ffife-span 
of all manunals: they may live to an age of 70 compaied with the 2 to 5 years 
of life of some of the smaller rodents. Apart from their remote connexion 
with the Sirenia and possibly Hyracoidea, the I^bosddea occupy an isolated 
position. At an early period of their history th^ acquired a number of 



bjM uncovered by glaciid retreat in Sberia during the present cent^. 

proportion of marketed ivo^ has*^e ftomX 
vely mdestructihle tnaks of E, pnmigetuus. (Redrawn after various auUion.) 


peculiar and adaptive characters which at once clearly dist.ingm<^ them from 
oth» mammals, although they have retained to the present day several 
per^tently primitive features, aoch as the pentadactyle hand and foot, a 
team in which the cerebellum is not coveted by the cerebral lobes (whidi are, 
^^ver, well convoluted), permanently abdominal testes, and paired pxe-caval 

The qjedalised features of the ^eleton axe pefiiiq» mostly due to the 
ongmal trend m trunk devdf^jment The progressive and rekttvdyeoeRBOus 
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h3npGrtn^^y'Of the m a xi l l ary inosors nece^tated a bulkier, heavier craahini 
for tlwsir caxxiage, nduch in turn requires a shortened cervical region and a 
corresqxjndtQg modification of the muscular and ligamentous apparatus 
response for the su^^xirt of skull and tusks. A single tusk of ^ 

African Ele^iant, may weigh as much as 226 pounds, or reach a length of ii| 
feet. At the same time an enlargement of the area of the skull became necessary 
for the insertion of cervical muscles and ligaments. This was brought about by 
a separation of the inner and outer tables of many of the bones of the skull, 
in particular the frontals and parietals (Fig. 585). The diplQe between the 
tables of bone became filled with air-cells which reduced weight. This r a ti sed 
an oUit^tion of most of the sutures between the bones. 

The extraordinary elongated trunk has induced a shortening of the facial 
region proper, a recession of the nasal opening towards the top of the head, and a 

Fig. 585 . — iAtaBodanias Skull 
pneunatilitioa* L. africana. Afri- 
can Elephant. Weight reducing 
adaptations are found in large 
Mesozoic reptiles, almost all birds 
(Fig. 387, p. 572) and among mam- 
mals (especially elephants and 
cetaceans) t Pneumatic osteolysis 
is greater in the African than in the 
Asiatic elephant {Elephas indicus), 
being con^ted *'with the rela- 
tively greater size and weight of the 
tusks^which necessitate a relatively 
larger and heavier cranium for both 
their support and functional em- 
ployment ** (Cave). Tusks of £. 
indicus are never longer than lo feet 
nor the weight apparently more than 
161 lbs (cf. text). To the left of the 
mid -line: an, anterior nares; M.E. 
mesethmoid; pn. posterior nares; 

Vo, vomer. (After Flower*) 

reduction in size of the nasal bones similar to the condition seen in the tapirs, but 
to a greater degree. The prehensile trunk represents a combination of upper 
lip and external nose, involving a functional specialisation of certain of the 
facial muscles. To carry the great weight of the head and body, the legs, 
simple in their general plan, have become pillar-like, with a loss of angulation. 
The carpals and tarsals are serial and compressed and, while the hand and foot 
are still pmtadactyle, the digits are short, stout, and united by skin, with each toe 
ending in a small hoof. Progression is digitigrade, the back of the digits being 
supported by an dastic pad of tissue. In the fore-Hmb the rdna and radius 
are permanently crossed in pronation, and the ulna is unique in having its 
distal aitkndatkm with the carpus larger than that of the radius. The pelvis 
bas broad and is vertical in direction, an adaptation found in many heavy- 
bodied animals. Clavicles are absent. 

The dehtitioa is faighfy characteristic. In mote recent elephants the upper 
iudcs, whidi a!re the second pair of incisors, are the only ones to persist, the 
vol; n. e3 
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lower incisors having disappeared during the mastodont stage of evolution. 
The ivory of the tusks is solid, specialised dentine : enamel is absent save for 
a small cap on the point of the tusk, which soon becomes worn off. Ptemolars 
have not persisted beyond the mastodont stage. Of the six cheek-teeth, the 
three anterior are mUk-teeth, which are soon worn down and pu^ed out by the 
three large molars at a very early period in life. Thenceforward the animal 



Fig. 586 . — Order Proboscidea, Sub-order Moaxitbetioidea, Family McaxiUMtiidte. MterUherium : 
Skull and lower jaws. This animal, the earliest known proboscidean, was an Upper Eocene and 
Lower Oligocene Egyptian form that stood about 2 feet high at the shoulder. It was of ‘ normal, 
rather heavy mammalian build, with a head remarkable for the forward position of the eye and 
for the heavy lower jaw. The anterior teeth, with an enlarged i* both above and below', clearly 
form a special feeding mechanism, analogous to that of pigs and the hippopotamus, the forwardly 
directed incisors being used for grubbing in the ground' (Watson). There is some evidence that 
MoBritkerium is of an ancestry allied to that of the Sirenia (Fig. 594) and, perhaps, the Hyracoidea 
(Fig. 581) (Andrews). (After Osborn.) 

possesses only three molars in each half of the upper and lower jaws. Owing 
to their size, peculiar structure, and method of growth never more than two of 
the molars are in use at one time in each section of the jaws. They consist 
of a number of deep plates of enamel-covered dentine bound together by 
cement. The developing teeth lie at an angle to those in use and are at a 
higher level in the upper and lower jaws. As they slide down into the poation 
of wear, they push the anterior teeth forwards until, after being nearly worn 
down, these fall out. 
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There axe perhaps five extinct families, some deserving of sub-onfinal rank 
(see p< 808): X. Moerithetiidae (e.g. Matritheriim); 2. Gomphoti^eiiidft (e.g. 
Gotnphotiteritm, Palaomastodon); 3. Mammutidse (e.g. Mammut — MasMhm)’, 
4. Deinotheriidse (e.g. Deinotherium) ; and 5. Baiytheriidse (e.g. BtayOtef^m). 
There still survive to-day two species of the family Elephantidse {Loxodonta of 
Africa. «»«»< EUphas of Asia). This family contained also the mammoths (e^^. 
Mammttthus) and other extinct forms. The above ate distingui^ed by 
differences in the arrangement of the tusks and in the degree of complexity of 
the molar pattern. 

The Moeritheriidse (Mceritherium, Upper Eocene and Lower OUgocene of 
Egypt) were the most primitive proboscideans (Fig. 586). The trunk was 
relatively small. They showed some points of similarity to the Sirenia, but 


Fig. 387.— Sub-oider Etophant- 
oides. Family Gomphottietiida. 
PutaomtuiMkm: SknQ and denti- 

tkm. This genus, the largest member 
of which stood about 6 feet high at 
the shoulder, was a contemporary of 
the allied Phiomia and is so far knm^’n 
only from the African OUgocene. 
ant. orb. antorbital foramina; e.a.m. 
external auditory meatus; exo. 
exoccipitol; fr. frontal; ju. jugal; 
lac. lachrymal; 1 . *. lower incisor; 
mar. maxilla; n. nasal; nor. external 
nares; /)o. parietal; par. paroccipital 
process; pmx, 
premaxilla: sq, 
squamosal; u.i, 
upper incisor. 

(After And- 
rews.) 



were probably not directly ancestral to the elephants. The dentation, whde 
showing the beginning of proboscidean characters, was less highly specialised. 
In each upper jaw there were still three incisors (the second enlarged as a tusk) 
a canine, three premolare, and three molars. The lower jaw had only two 

of incisors, the second being enlarged as tusks. It lack^ the 

molars were bUophodont. except the third, which showed the begmmng of a 

third ridge. . *1, 

The GomphotheriidsB existed in great numbers from the . 

Pleistocene. Tliis group contained the African 

and existed in the Pleistocene of Eurasia and N<^h ^ Sou&A^ 
In these, theupper tusks werelaige.downwardiyturned.andh^im^dW 
on the outer side only. The lower tusks were preset meariy^ and ww 

eitaier down-tumed or procumbent with, or wi^t an 

. forms they disappeared. The molar-teeth varied widely m the number of ridg 
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from three to as many as seven (in the third lower molar). The rid^, as 
compared with the true elephants, were lower, with the cu^ more widely 
separated. Examples were Palaomastodon (Fig. 587), an eariy form from the 
Oligocene of Egypt, and St^mastodm, a Pleistocene smimal. 



Fig. sRS.-Ordcr PralMwidn. Sob-order DeineBwriiiMea, Family Pd aofl i erM ea. 
therium. The deinotheres (e.g. i). giganieum of the European Pliocene, above) are emphatically 
distinguishable from all other groups, mcludiiig Palmomastodm (Fig. 587) and Phimia (Family 
Gomphotheriidac) with which they perhaps share a remote ancestiy. The anterior parts of the 
lower jaw were thrust downwards sdmost at right angles (Fig. 589) and terminated in paired, 
decuTved second incisors of doubtful function. The dein^em afmeased first in the Loui^r 
Miocene of Eurasia and Africa, and persisted to the Middle Pliocene (Europe and India) and the 
Middle Pleistocene (only 500,000 years ago) in Central Africa. During this Icmg period their 
general structure remained extremely uniform, although there was a great increase in siae, as in 
all proboscidean families. The deinotheres left no descendants. (Partly after Augusta.) 

The extinct Mammutidx contains only the sm§^e genus Mammit (= Masto- 
don). This family was possibly derived from the gmqthoUierian genus 
Palaomastodon (Fig. 587). Mammut had a few rinqde molars and huge 
tusks which converged outward and upwaid. The genus oocnnedirom the 
Lower Miocene to the Pleistocrae and lived hi Eux^, North America, and 
Asia. 

The Deinotheroidea {Demotherimi, Fig. 588) (Lowot lfiocene4fiddle 
niocene of Europe and Asia and Lower iuod Fkistooeiie of Africa) 
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clwtBCtensed by the absence of upper tusks and the presence of a pair of 
downwardly turned lower tusks. The molar-teeth were partly bilophodcmt 
and {Murtly trilophodcmt. 


FtQ.5S9. — De i nUher iu m: Skull anA 
de&tittau The skuU is low and broad, 
yet nearly four feet long. The projecting 
premaxilia, extending below the root of 
the trunk, bore no tusks (cf. Palaonta* 
stodon^Fig. 587)allbongh the high position 
of the nostrib and other features suggest 
a long proboscis (Fig. 5SS). The cheek- 
teeth (insert) were primitive (cf. Fig. 590). 
In early (Lower Miocene) deinotheres the 
tusks were still only slightly decurved. 
(Redrawn after Gaudry and Andrews.) 













The Baiytheriidae, sometimes considered as a separate order, is known by a 
single species, Barytherium, from the Upper Eocene of Egypt. Few fragments 

have been found beyond a lower jaw 
withbilophodont teeth, a trilophodont 
third molar, and a procumbent tusk- 
like incisor. The dentition was some- 
what like that of Deinotherium (Fig. 
589) but the humerus, almost the only 
non-cranial bone discovered, is said to 
diverge from the typically probosci- 
dean shape. 

The Elephantidae have totally lost 
the lower tusks and the enamel on the 
large upper tusks, except at the tip in 
the young stage. The ridges of the 
molars deepen and become progres- 
sively flattened into plates, the cusps 
in each ridge becoming obliterated. 
Cement is laid down between the 
n WuhsiitlfTiir- Left: plates. The ridges, or plates, inoease 

innumbertoasmanyastwenty-seven. 
The pattern and the number of ridges 
are of use ia dassificaticm, as, for example, in the living Indian Ele^iant 
Elephas. and Uie African Loxodonta (Fig. 590). 
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The migration of the Probosddea is interesting. They appear to have 
originated in North Africa, and thereafter to have migrated to Asia, whence a 
second radiation took place throughout that continent and throughout 
Europe. While some reached North, and later South America, others returned 
to Ahica. 

Orders Pantodonta (Amblypoda) and Dinocerata 
These two orders have been sometimes classed together as a single order 
(Amblypoda), but there are differences in dental structure that entitle them to 
be separated. Both in all probability arose from some early condylarthrous 
stock, but diverged from one another on sped^ed lines of foot-structure and 
dentition. 



Fig. 591. — Order Paatodoata, Family OnypbodontidtB. Cor^fptmion. A North American 
and European (Upper Palsocene and Lower Eocene) psenangulate which grew to a length of 
about eight feet. (After Osborn.) 

The Pantodonta is composed of the families Pantolambdodontidse, Baryl- 
ambdidx, and Coryphodontidae. PantolanMa, a Palaeocene genus, represents 
a more primitive stage leading to Coryphodon (Fig. 591), the terminal genus of 
the Lower Eocene in Europe and North America. The order survived into 
the Middle Oligocene of Central Asia (e.g. Hypercoryphodon). Coryphodon 
attained the size of a rhinoceros. The feet have the carpals serially arrai^d, 
and the toes tend to become short and stout in adaptation to weight, but there 
is considerable variation within the order, some fcnrms possessii^ tapir-like 
hooves (e.g. Coryphodon) while Titanoides possessed digging daws rather like 
those of dudicotheres, some creodonts, and notoungulates. The teeth are 
present in full series, and the canines large. The upper molars are triangular, 
and in PantoUmbda have three cusps. In Coryphodon the pattern evolves 
into an aberrant type of bilophodont tooth. The order became extinct dwng 
the middle Oligocene. 
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The Dinocerata (uintatheres) were heavy, stump-footed animals reaching' a 
large size. The skull in typical genera is characterised by the presence of ttaee 
pairs of bony horn-cores placed on the nasals, parietals’ and on the 
just over the enlarged spear-like upper canines. The molar teeth are bUopho- 



Fig. 592. — Order l}moomita« Family Uintatheriidfie. VUUatherium. The ponderous, homed 
uintatheres, of unknown origin and without descendants, were once considered to be amblypods 
(Fig- 591) with which they share convergent features. The two groups are in fact separated by 
several deep-seated differences (£.g. molar structure). The latest (late Eocene) species had become 
as big as a modern African rhino. The brain was small, yet the depressed skull was about 2| feet 
long and bore pairs of bony protuberances on nasals, maxillae, and parietals. It h^ been sug- 
gested that these * horns ' may have been covered with skin like those of the extant giraffe. The 
(lentition was peculiar, with sabre-shaped upper canines, which, like the horns, were bigger in the 
male. Each such tooth was partly protected by an expansion of the lower jaw. The inter- 
maxillaries were greatly reduced and there were usually no upper incisors. The lower incisors 
were small, as were the lower canines. Uintatherium was herbivorous and probably ingested great 
quantities of aquatic vegetation. Also inhabiting the then lush landscape of western North 
America was the collie«sized browsing horse Orohippus (Fig. 597, p. 827). (After various authors.) 

dont supmfIdaBy like those of Coryphodon, but with the two ridges converging 
medially. Any resemblance between the two forms is due to convergence 
rather than to any dose affinity. The Dinocerata died out at the close of the 
Bocene without successors. Examples woe Uintatherium (Figs. 592* 593 ) ®**^d 
Eobasikm (Fig. 593). 
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Order Pyrotheru 

The Pyrotheres are known from a angle family (Pyrotheriidse), with a diort 
histoiy from Eocme {Cardoz^eUa) to Oligoccme {Pyrofhenum). J^otimwn 
was a large, elephant-like animal with a proboscis and with two pairs of huge 

incisor tusks in the upper jaws and one pair 
in the lower. Each of &e postoior pre- 
molars and the molars has two sharp itxass- 
verse crests, somewhat as in kangaroos, 
tapirs, deinotl^res, and some other groups. 
It was formerly maintained that the pyro- 
theres were allied to the mastodons and 
dephants, but the resemblance n conver- 
gent. Pyrotheres, like othen South 
American ungulates, developed th^ from 
condyhtrth-like ancestors. 

Order Sirenia 

The dugongs, manatees (Figs. 594, 
595) and their allies are fully aquatic and 
present a number of structural features 
convergent with those of the Cetacea. 
These include the thick, almost hairless, 
sldn with an underlying layer of blubber, 
and the loss of external hind-limbs, exter- 
nal ears, and samun. The diaphragm, 
like the cetacean, is oblique and very 
muscular. The fore-Umbs, though less 
highly modified, are paddle-like, and the 
tail is flattened and either roundel or 
rhomboiihd in outline. 

Lack of true affinity with the vdiales is 
shown by various features. Thus, the 
dedeton of the arm is more typically 
mammalian in its proportiotts and has the 
joints ceniq>lete and the fillers little modi- 
fied, beyond being botmd together in a web of skin ; the scapula is long and 
narrow, and without cetacean charactos. The skidl and dmititkm are 
specialised. The tympanic bone is ring-shaped. Tim cervical vertebrae are not 
ankjjdosed, and the whole skdeton is stnmg and Kn hone very dense!. 

The order is represented at the foesent day by the mamitees ^TH^techts = 
Manatits), which live in the fresh waters, ot aloi% the rmasts of Amerksa and 



FtG. 593-— DlNfoCfceHMwt I h w sW Mi fS 
ipedaliiatkm. The trend culminated in 
extinction during the Upper Eocene, x. 
Bathyopsis (U. Palaocene); 2. Elachoceras 
(M. Eocene); 3. Uintatherium (M. Eocene; 
see also Fig. 592); 4. Eobasiteus (Middle 
and Upper Eocene). (After Scott.) 
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Afric®» tlie dugoogs or sea.«cows {Dugong ^ Halwore) of the Iw&oi 
and SoiiA Pacific and Australian coaste. A third genus and StdDCr*s 

Sea Cow {Hyirodamalis « Rytina), of the North Pacific, only became extinct 
during the iStii century. Tcnlay the order is confined to tn^^ and sub- 
tropical waters. Stdler’s sea-cow, however, was discovered among Kam- 
chatka ke-fioes. It was exterminated by hunters by the year 1768. 



Fig. 594. — Older BImia, Sub-order TlidieQilifonim» Family WebeehidaB. TrUsh^ehuB. 
Manatees ?e.g. T* manaius, above) and dugongs are strictly vegetarian. The skin is thick and 
relatively naMess, but facial vibrissae are well-developed. The hind-limbs have disappeared. 
The arms are converted into dippers, and the tail into a rounded horisontal fluke which enables a 
whale-like progression, ne protruding upper lip is cleft: an adaptation to grazing. The nostrils 
are valvular and are closed und^ water. The inconspicuous mammary glands am thcuacic in 
position. More active by night, sirenians are probably responsible for the mermaid myth: the 
females of at least some manatees nurse their young while browsing. According to Columbus 
(who saw three) such mermaids * were not so beautiful as they had been painted, almough to some 
extent the^ were like a man in the face’. (From photographs. New York Zool. Soc.) 

Sirenians axe of especial general interest since it is possible that from these 
tropical^ Vegetarian ^sea-cows’ (which of course sudde their }roung) arose the 
traditional sailors’ stories of mermaids inhalnting dis t an t seas. The possession 
of both nnlk-glaiids and a superficially fish-like tail might easily have i^ven 
rise to surii legends. The famous 'song of the siresis’^ however^ came from 
fidies, $e9H5ows (sec p. 346). 

Themanatees and dugo^ axe placed in separate families. In the manatees 
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! cheek-teeth are covered with enamel and are bUof^odont, scrnie- 



what like those of the Proboscidea. There are 
up to twenty in eadi half of the lowor jaw and in 
each maxilla. They are, however, not all in use 
at any one time, but are continuously replaced 
from the hind end. The premaxillary region is 
small and little deflected. There are six cervical 
vertebrae only. The fingers bear the remains of 
nails. The dugong, on the other hand, hais a 
reduced dentition as far ais the grinding-teeth are 
concerned, nevet 'having more tham six, jand even 
these aire somewhat degenerate and! without 
pattern. The premaxillary region is, however, 
enlarged into a down-turned rostrum, and bears, 
in the made, a paur of stout tusks. The anterior 
part of the mamdible is covered by a horny pad, 
under which can be found traces of the lower 
incisors. There aue no nauls on the fingers, and 
the normal seven cervical vertebrae aire present. 

The origin of the order amd of its amcestral 
form is unknown. The earliest known genera are 
the Eocene Prorastomus of the West Indite, and 
Protosiren amd Eotheroides {=Eotherium) of 
Egsrpt. Eotheroides is somewhat more advanced 
tham the other eaurly genera which have a com- 
plete eutheriam dentition, a rostrum but slightly 
enlau'ged, amd smadl tusks. Although the hind- 
limbs have alreauly gone, the pelvis is but little 
reduced and these forms are dearly more primi- 
tive tham, amd ftmctionadly amcestrad to, later 
genera. 

All the above aure united in a sub-order, 
the Trichechiformes. A second sub-order, the 
Desmostyliformes, represented by a sole 
family and two genera, ComwaUius amd Desmo- 
stylus, found in Oligocene amd Miocene deposits 
of the Pacific coasts of North America amd Japan 
respectively. The chief chauacteristics of Desmo- 
siylus lie in the peculiar dentitmn. There are 


two procumbent lower incisors, the Uf^jer being 
small or absent. The molars aure columnar and formasd of a number of closely 
ndpressed Qrlinders covered with a thick layer of 
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SkdstOD SIWBto.— In the Sirenia (Fig. 555) the cervical vertebrae do 

not coalesce, with <the exception of two of them in the mana<-A<»^ In 
manatees there are six cervical vertebrae only, and the neural arches are smne- 
times incomplete. In the trunk the thoracic vertebra are numerous. AH 
have wdl‘devdoped facets for the heads of the ribs, and weU-devdoped zyga- 
pophyses. The caudal vertebra are numerous, depressed, with wide transverse 
processes. The ribs are numerous, but few are connected with the sternum. 
The sternum is a broad bone not composed of distinguishable segments. 


Fig. 596. — Trieheehua: SkiiU 
and dan t iton. (T. senegalensis 
(I natural size.)) PMx, pre- 
maxilla; Vo» vomer; Mx. max- 
illa; Fr. frontal; FT. ethmotur- 
binal; ME. mesethmoid; Fr. 
front^; Pa. parietal; Sq. squa- 
mosal; 50. supraoccipital; ExO. 
exoccipital; Per. periotic; BO. 
basioccipital; Ty. tympanic; 
AS. alisphenoid ; BS. basi- 
sphenoid; F5. presphenoid; Pt. 
pterygoid; PI. palatine; Mx. 
maxilla; cp. coronoid process of 
mandible; cd. condyle; a. angle; 
s. symphysis; sh. stylohyal; bh. 
basihyal; th. thyrohyal. (After 
Flower.) 



The skuU (Fig. 396) is characterised by its extreme hardness. The cranial 
cavity is rather long and narrow as compared with that of the Cetacea. 
Although the supraoccipital (S. 0.) is produced forwards on the upper surface 
of the skull for a considerable distance, it does not separate the parietals 
(•Pa.). The frontals develop broad supraorbital plates. The zygoma is stout. 
As in the Cetacea, the external nares are very wide, but they are ^tuated 
relatively farther forwards. The nasals are vestigial. The tympanic and 
periotic are readily separable from the other bones. The premaxillae are 
enormous in the dugongs. The mandible has a well-devdoped asc^ding ramus 
and corcmoid process (c. p.). 

The scapula of the Sirenia is mudli more like that <A the terrestrial mammals 
than the of Cetacea, and is nearer that of the Seab ; it is narrow and 

curved badcwards. The spine is situated about the nniddle ; the acromion is 
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directed down^»^^ds. The coracoid is fairly wdl-devd<^)ed. and <rf a «)nical 
shape. A davide is absent, as in the Cetacea. The skeleton of ttas atm also 
departs less from the ordinary mammalian type than does the cetacean. The 
radius and ulna are ankylosed at their extremities. The carpus has seven bones 
in the manatees ; the pisiform is absent In the dugoi^ 
takes idace, so that the number of discrete dements is reduced in the adult. 
There are five digits, all of whidi possess the usual number of phalanges. 

The pavis is represented by a pair or more of vestiges widdy separated 
from the spinal column. They have a vertical position and probably represent 
the ilia. 

SUPER-ORDER MESAXONIA 

In this group is placed alone the Order Perissodactyla which We 'odd- 
toed', hooved animals induding horses, tapirs, and rhinoceroses, and certain 
extinct forms. In the tnesaxonic foot, exemplified by the horse, thd skeletal 
axis passes down the third digit. The other digits are reduced and do not 
support any weight. This compares with the parsonic foot (Super-order 
Paraxonia, Order Artiodactyla, p. 837), exemplified by the cow, in which the 
skeletal axis passes between the third and fourth digits. 

The utmost reduction that can take place in the number of digits in a 
perissodactyle is four. (The second and fourth digit are represented m horses 
by the splint bones: metacarpals and metatarsals.) In the artiodact^les the 
number of digits (as in the cow) can be reduced to two— the third and fourth. 
The tarsi also show points of difierence, the shape of the astragalus (Fig. 623, 
p. 821) being in each case diagnostic. Apart from the fusion of several of the 
tarsals in some artiodactyles (an unknown phenomenon among Perissodactyla) 
the artiodactyle cuboid bears always a distinctive articular surface for the 
calcaneum (Figs. 618, 860). 

Further, whereas the perissodactyle has a third trodianter, twenty-two or 
twOTty-three dorso-lumbar vertebrae, and a peg-like odontcnd prtxxsss, the 
artiodactyle lacks a third trochanter, has uniformly but dorso- 

lumbar vertebrae, and possesses a spout-like odontoid process. 

Some, but not all, perissodactyles and artiodactyles have a complete post- 
^tal bar, the composition of which differs in the-two orders. In the horses 
(Fig- 597 ) a process of the squamosal runs between processes of the frontal and 
jugd bones alone, and the squamosal is excluded. In ffieir dentitkm the 
Pemsod^yla manifest an almost complete molaiisation of the i»wnolar 
teeth : m the Artiodactyla all premolats (except occaskmally the fourth) 
are ^pler than the molars. True horns mth a bony hotTH2»enev«k occur in 
w -^odactyla usually have a gall-bladder and a more or 

^l^ip^ted rummating stomach. Such atruetities never occur among 
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Both orders appear first in the Lower Eocene. The Perissodactyla 
replaced the psenungulates (p. 807) in the Oligocene and Miocene, rai^atipg 
widely. They in turn were supplanted in the Pliocene and Pleistoo^ by 
the Artiodactyla (p. 837), and, but for the present protection extended to 
surviving species and the domestication of others, might well have become 
about extinct. 

The group is arranged as follows : 

ORDER PERISSODACTYLA 
Sub-order Hlppomorpha 
Super-family Equoldea 

FmnlUes Palseotherlldse (Eocene-Oligocene) 

Bqul daft (Eocene-Recent) 

Super-family Brontotheriodea 

Fandly Brontotherlldm (lltanotherldm) (Eocene-Oligocene) 
Super-family Challeotheilodea 

Family ChallcotherUd® (Eocene-Pleistocene) 

Sub-order Ceratomorpha 
Super-family Taplroldea 

Families Iseetolophlds (Eocene) 

Helaletldse (Eocene-Oligocene) 

Lophlodonttdse (Eocene) 

Taplridse (Lower Eocene-Recent) 

Super-family RUnoeerotoldea 

FamUies Hyrachyida (Eocene) 

Hyraeodonttda (Eocene-Oligocene) 

Amynodontlds (Eocene-Miocene) 

Rhlnoeerottda (Eocene-Recent) 


Order Perissodactyla 

The order falls naturally into two divisions which a«^ 

(p. 802) ancestry. These are the sub-orders Hippomorpha arid 

eachofwhichwasdistinctbytheUpperEocene^ ?Z”to“tS^ 

of the Lower Eocene of Europe and North bdo^ to ^ppo. 

morpha and shows certain features that sieges a i 

paiSit stock. Various species of HyracotHenum^^e betwe® xo ^ 

tall and were not unlike the condylarthran which 

respects. Also included among the Hippomorp a are Hvracothmum 

arTas an Eocene side-line from an ancjtry 

and became extinct in the Oligoceia after ^ . ohgooene-Miooene 

characters (p. 826) before these were developed m the mam Ohgooene-m ocen 

radiatkm (Fig. 597). 
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With the main ordinal features held in ccmunon, different grou|»s (the 
earliest representatives of which show a good deal of resetnhlanoe to one 
another) began to evolve on adaptive lines of thm own. Urns the teeminal 
species of each acquired a highly distinctive external appearance. The 
different trends of evolution are concmied diiefly with the structures of the 
feet and the teeth. If the teeth of Hyrucotherium (the earliest known horse), 
of Homogalax (a tapir), of Eotitanops (a brontoth^), and of Hyrachyus (a 
rhinoceros) be compared, it can be seen that all start on the same general 
plan, with low crowned teeth, with premolars simpler than the molars, and 
with the six original cusps of the upper molars still dearly traceable. Closer 
examination of the molars, however, showp^that begmnings of d^erences 
which ultimately lead to great divergences in the final result (Fig. 398). In 
Hyracotherium, which has the most primitive teeth of any perissodaayle, the 
protoconule and metaconule are only Just begiiming to dongate tow^s the 
paracone and metacone, and these two outside cusps are beginning to dongate 
in the anterio-posteiior to form the beginning of an ectoloph. In Eotitanops 
the intermediate cusps and the hypocone do not progress, but tend to disappear. 
The protocone is large and remains bunoid, while the paracone and metacone 
form a precociously enlarged ectoloph with a strongly marked W outer border. 
Already in the Eocene Homogalax shows the tapiroid structure of a bilophodont 
tooth in the joining of protocone, protoconule, and paracone into an anterior 
transverse crest and of h3rpocone, metaconule, and metacone into a . corre- 
sponding hinder crest. The ectoloph is hardly developed. Hyrachyus, the 
earliest rhinoceros, is like the tapir in forming transverse crests, but the ecto- 
loph is more strongly developed and is produced into a characteristic metaloph 
behind. 

The horses gradually evolved very h3q>sodont teeth, the rhinoceroses rather 
less so, but in both cases a deposit of cement was acquired in the deep valleys 
between the cusps though to a much less degree in the rhinoceroses. All other 
perissodactyles retained more or less brachydont teeth in which cement was not 
formed. 

Throughout the order the premolars are at first simpler than the molars. 
During the course of evolution all the premolais, with the exception of the first, 
invariably became molariform. In foot-structure the hmrses became function- 
ally monodactylous. The titanotheres, tapirs, and rhinoceroses show a less 
degree of reduction. 


Family Equida 

The horses presort one of the most con^pletidy known phylogenks of all 
vertebrates. In a condensed form it is as fdhrws : There was a progressive 
increase in size and in height, due to a leng^eniiig of tire distal elements of the 
lunbs (Fi|^. 597, 598). Simpson has pcnnted out that as ancestral hmses grew 
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bigger, their proportions had to change and their 'running medtanism had to 
become different, stronger and more effective' if they were to maintain even 
the speed as their already fast and agile ancestors. In fact, speed has 
in^^acp/1 to a fraction over 40 miles per hour (for about half a mile) in the 
selectively bred modem thoroughbred. Starting from a condition with four 
digits in the manus (there is no trace of a first digit (pollex) in the manus of 
any perissodactyle) and three sub-equal digits in the pes (here with traces of 




Fig. 598.— Xanidw: F Hum il w 
q^MiAlin&Qii of 

Upper left: Manus; Upper right: 
DM. A, Eohippus (North American 
Lower Eocene), with four large toes 
retained in front and only three 
behind. B. Miohippus (North Ameri- 
can Oligocene-Miocene) with only 
three functional toes. C.Mer^hippus 
(North American Miocene-TOocene) 
wititi lateral digits reduced and D. 
Modm^ Lower: A . Left lower cheek teeth of Eohippus (approx, x x) and Pleistocene 

Iffdyi (approx, x}). (Redrawn from Romer, after various authors.) 



the first and fifth digits, r^resented by nodules of bene) a gradual chaise took 
place whereby the central digit in both numus and pes became progressivdy 
longer wd stouter. The lateral digits became thinner, failed to reach the 
ground, and finally became reduced leaving only the metacarpals and meta- 
tarsals as splint-bones. The ulna and fibula became reduced to tlmir proximal 
halves. Progression, at first sub-digitigrade, became In the skull 

the profile of the top of the head became changed ffom a strai^^t to a convex 
him, a^ the preorbital facial part became elongated. Up to the stage of 
Mes(Mppits (North American Oligocene) the postoibital bar was incomj^t®! 
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after that stage it became complete and progressively stouter. The teeHi 
progressed from a brachydont and almost bunodont to a very hjrpsodcmt 
condition, with an increasing complication of crown pattern. The 
eventually acquired a coating of. cement on their outsides as well as in the 
deep hollows between their cusps. The canines became proportionally smaller. 
The premolars, at first simpler than the molars, gradually became molariform 
and ultimately larger than the molars. A cingulum to the cheek-teeth, 
characteristic of the earliest forms, was soon lost. 

A series of species can be selected to show these changes (Fig, 597), but 
the picture thus presented is only a partial one. Evolution did not of course 
proceed by a series of large jumps from the earliest type to the modem horse— 
the progress was gradual. Moreover, there was not a single line of evolution of 
one genus succeeding another, but a continual branching off of side-lines, the 
majority of which, after varying periods of existence, became extinct. It is not 
always easy, among these branches, to trace the actual line of descent of the 
living horses, though a reasonable approximation to the truth is probable. 

Horse-like perissodactyles appeared first in the Lower Eocene. Of these, 
the chalicotheres, brontotheres and palaeotheres became extinct whereas the 
main equine stem (typically represented by Hyracotherium) survived in North 
America although it died out in Europe (Fig. 598). 

The name Hyracotherium has priority over the more familiar EoMppus 
(‘dawn-horse’). Owen, who described the animal from English material, re- 
marked that the skull somewhat resembled that of a ‘Hare or other timid 
Kodentia’. There was little about it that recalled a modem horse. Owen’s 
HyracotJierium (hyrax-like animal) was later shown to be indistinguishable 
from the later described North American Eohippus. In Eurasia, during the 
Eocene, there was an expansion of lines from Hyracotiteritm, all of which became 
extinct by the Oligocene at the latest. The reason for this is unknown. No 
further horses occurred in Europe and Asia until the Miocene. One such early 
Miocene mig ran t from North America was Anchitherium (= Kalobatkippus) 
whidh colonised westward when the two continents were re-united. It was 
in turn extinguished before the beginning of the Pliocene (Fig. 597 )* 

Meanwhile in North America Hyracotherium (= Eohippus), of which genus a 
consid^able number of species have been described, evolved by small increinents 
in height and by a progressive molarisation of the premolars. By the Middle 
Eocaie a new genus, Orohippus, is recognisable. In the Upper Eocene 
£pihippu,s replaced Orohippus. It is, however, questionable if it was a direct 
descendant of Orohippus. On the whole, the American horse genera during Ae 
Eocene formed a more direct line than those of Europe. In the succeeding 
Oligocene. horses were represented in America by the genus Mesokippus. which 
had increased to the sire of a sheep. The feet were stiU three-toed, with the 
lateraldementstouchingtheground. The median digit, however, ta^beccane 

vo^L. n. 
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enlaiged. All premolars except the first had now be^nne mdairifimn. To 
wards the dose of the Oligocene another genus, MioMpptis, arose. This is 
found together with the later spedes of Mesohippus, but persisted into the 
Miocene after the extinction of the parrait genus. Duiii^ the Miocene there 
was not one line of horses but several existing side by side. AH of them were 
derived from Miokippus (e.g. Archaohippus, Hypohippus, and Anchitheritm). 

As mentioned above, AnchUherium re-est^lished the stock in the Old 
World, a process to be repeated in the late Miocene and early Pliocene by 
Hypohippus, which in turn became extinct in Europe, as did related deriva- 
tives in North America. In fact all such side-lines ^ed out, but Parahipptts, 
derived directly from Mesohippus, persisted^ffi the end of the Mioctoe, and 
during that time gave rise to the genus Merychippus. In this genus the teeth 
were greatly elongated in the sockets and there was formed a heav3A deposit 
of cement not only between the cusps, but on the outside of the tooth \as well. 
Cement was absent in the less advanced species of Parahippus, out had 
appeared in the later forms. The rapid development of this massive dement 
deposit went hand in hand with a changeover from browsing to grazing and 
the occupation of an ecological niche that was provided by the evolution of 
grasses that began to flourish at that time. Although they were less 
dramatic, other changes were manifest. Merychippus stood over three feet 
high and carried its weight on the central digit of each foot. Although con- 
siderable differences existed between species, members of the genus (even taking 
into account their small hooved lateral digits) probably looked not very unlike 
a modem pony. 

This stock was unprecedentedly successful and gave rise to perhaps half a 
dozen Pliocene lines, including Hipparion which spread widely and successfully 
to Eurasia and Africa. {Protohippus, once considered to be a distinct and 
important line, is now accorded oidy sub-generic rank in Merychippus.) One 
undeniably valid stem derived from Merychippus was Pliohippus. In the 
more primitive species there were still retained jointed small lateral toes; in 
advanced forms these were lacking and the pes closely rambled that of 
modem horses, as did the lengthened teeth and skull except for relatively 
minor, though characteristic, details. From Pliohippus probably arose the 
earliest somewhat zebra-like late Pliocene or Pleistocene animals (sub-genus 
Plesippus) referable to the genus Equus which contains the horses of to-day. 

Although the point of origin of the horses is unknown, there is little doubt 
that North America was the principal centre of equine evtflutuMi. Immigra- 
tions occurred both north-west and south to cross the peiiodicaily inundated 
land bridges in the r^on of the Bering Sea and Panama. In South America 
at &e dose of the Pliocene and during ibe Fletstocxne there was a sqjarate 
xa|^ evolurion of horses represented by the genera HippHiou, OruMpptiUum, 
and PurakipparioH (*= Hyperhippidium), all derived hXMn snd 
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charwSteriaed by very kmg and slender nasal bones. These genera did not 
survive the Pleistocene. 

A final invasion of South America, however, occurred during the Pleisto- 
cene and these spread widely throughout the continent. As in North America, 
they survived the I^istocene Ice Age, but (again as in North America) 
mysteriously died out at the beginning of the Recent. Numerous conjectures 
have beoi made to account for the relatively sudden disappearance of thrir 
appare^y enormous herds. They were seemingly still present when the 
‘ Indians uiived and were no doubt eaten — ^but many ungulates survived. 
They may have been attacked by a disease such as trypanosomiasis— but the 
above consideration should still apply. The ice-age was not responsible ; and 
there is no evidence that any other landscape change was sufficiently wide- 
spread to have seriously incommoded them. No new carnivorous enemy is 
thought to have assailed them : in fact, the sabre-toothed tiger and other 
probable predators died out at about the same time. 

The family £<}Uidx continued in the Old World where it was domesticated 
by Man and then artificially selected to form the various familiar breeds which 
were in turn introduced throughout the world, including North and South 
America. At the present time, apart from domestic breeds, Avild Equidae arc 
represented by Eqmts przewalskii of Central Asia and E. asintis of Africa (wild 
asses). In addition there are E. hemionus (the Oriental wild ass) and finally four 
striped species of African zebra (E. quagga, E. zebra, E. burcheUi, and E.grevyi). 

FAUHLY BRONTOTHERHD« (TITANOTHERID^) 

The titanotheres in their day were a large and important group and, although 
known chiefly from North America, had a wide distribution. Species have been 
found in Mongolia, Burma, and Europe, The family was pol3rmorphic. A 
number of lines developed with differences of proportion in the skull, skeleton, 
horns, and teeth. 

The terminal species attained a great size. Some stood eight feet at the 
shoulder. In spite of some specialisation of shape, all remained essentially 
undeveloped. The brain remained relatively small, the skull long and low, 
and. the feet retained four rather unmodified digits in the manus and three in the 
pes. The teeto (Fig. 599) were incapable of chewing hard grasses, a condition 
that may have played a contributing part in the extinction of the family. In 
the upper molars the protocone remained a round but large cusp, the hypocone 
round but smaller, the protoconule and metaconule disappeared, while the para- 
and metaconea became greatly enlarged, and together formed a high, W-shapM 
outer waBL The premolars remained rather small and less molarised than in 
other Perissodactyla. _ 

The eai^t brontotheres appeared in the lower Eocene. JP*®®® 

a gwus that left no successors, md E^Uanops. Througn tne 
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Middle and Upper Eocene there arose a number of genera until the sutHsrder 
culminated in the Lower Oligocene in such large animals as Brontotherium, 
Brontops (Fig. 599), Embolotherium, and others. In North America n<me is 
found later than the Lower Oligocene. but some, unearthed in Mongolia, have 



Fig. 599. — Order F«cisiodact7la» Sub-order Hippoiilorplia« Super-family Biontotliefioidea, 
Family Brontotheriidfie. Bronl/opn., The vegetarian brontotheres titano^eres) were perisso- 
dactyles sharing ancestry with the horses. Best known from North America (though they 
occurred also in Eurasia) brontotheres arose in the Lower Eocene and disappear^ during the 
Oligocene, leaving no descendants. BrofUops (North American Lower Oligocene) attained a 
length of about 14 feet. Its skull was small and low, yet unusually broad owing to the extension 
of the massive zygomatic arches. Outgrowths from the nasal bones produced the grotesque 
' hpnis * that were possibly covered with skin like those of extant giraffes. Brontops, representing 
the culmination of a trend towards gigantism possessed, unlike the horses, an * unprogressive’ 
dentition which was nevertheless adequate in the humid lush and grassy environment in which it 
lived. These animals lived in a period of orogenic movement — a-time of mountain-building that 
foreshadowed more stringent conditions to come. A contemporary horse was the three-toed 
Mesohippus (Fig. 597) a browsing animal standing about 6 hands (i.e. 24 inches). (Redrawn from 
various authors.) 

persisted into the Middle Oligocene. Thereafter the brontotheres appear to 
have become extinct. 

FAMILY CHALICOTHERlIOiB 

The members of the former sub-order Chsdieotheroidea (or order Ancjdo- 
poda) are now generally believed to merit famOy rank only. They show much 
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resemWance to the titanotheres in tooth-structure and tooth pattern, but axe 
diaracteris^ by a foot-structure unusual for a perissodactyle. There are 
three functional di^te on manus and pes, the manus bearing additionally a 
splint of the fifth digit. The digits are subequal, and bear, instead of hooves, 
strong daws, a diaracter which may entitle them to be erected into a distinct 
sub-order. 

Examples are known from the Eocene to the Pleistocene from North 
America (e.g. Eomoropus, Moropus) and from Europe and Asia (e.g, Chtdico- 
therium, MacrtOhmum, Schizothenum). 

SUB-ORDER CERATOHORPHA 

These— the tapirs and rhinoceroses — ^were once induded in the unnatural 
assembly of 'Pachydermata’ and widdy separated from the horses with 
which they share an early Eocene ancestry. They form two super-families 
of unequal extent. 

SUPER-FAMILY TAPIROIDEA 

During the Eocene a number of small tapiroid forms evolved, which, like 
the European Eocene horse-lines, became extinct. A line, howevw, can be 
traced leading to the living forms, although the number of genera and spedes 
therein is comparativdy few. The forest-living habits of tapirs have no doubt 
militated against thdr frequent preservation as fossils. Originally the dis- 
tribution of the group was widespread over the Old and New Worlds, but now 
it is restricted to one spedes in the Old World {Tapirus indkm of the Malay 
Peninsula and Sumatra), and to four New World spedes (T. terrzstris (Fig. 
600), and 7 . rouUni, T. bairdi and 7 . dom). 

The fossil Lophiodontidse were members of a. Lower Eocene to Oligocene 
radiation with diaracters intermediate between the tapirs and the rhinoceroses. 
The cheek-teeth were bilophodont, like those of the tapirs, but with a metaloph 
more like that of the rhinoceroses. 

Of all living Perissodactyla, the tapirs are the least specialised. The 
feet have stout digits, four in the manus and three in the pes, the third digit 
in each case being somewhat enlarged. The skull is devoid of any postorbital 
bar. The anterior nasal openings are enlarged and recessed. The nasal 
bones are small and pointed upwards in correlation with the proboscis, which 
is diaiacteristic of the group. The teeth are persistently brach3rdont and 
without, cement. The molar teeth are bilophodont, and (kvmd of any com- 
plication in the way of extra cusps or crests. Modem tapirs do not seem to 
have advanced vCTy much beyond the degree of tapiroid development already 
attained in the Miocene. 
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SUPER-FAMILY RHINOCERATOIOEA 

The rhinoceroses were extremely common in the T^iary hat are today 
reduced to five species (Family Rhinocerotidae). These are Rhinoctros' uni- 
cornis (the one-homed Indian Rhinoceros), R. sondaicm (the Javan Rhinocnos. 
also one-homed), Dicerorhinus sumatrensis (the Sumatran Rhinoceros, two- 
homed and the smallest living species), Diceros bicornis (the African Rhinoceros, 


I / I 



Fig. 6oo. — Order Paiisodaetylat Sub-order Omtomoridiaa Super-family TiuMfOidats Family 
Tapirua. The American T, ierrestris ranges (as several sub-species) from southern 
Mexico to northern Argentine. The nearest living allies of tapirs are the rhinoceroses. Nocturnal, 
vegetarian, and amphibious, tapirs are superficially pig-like and adapted in shape for thrusting 
through undergrowth. The snout is remarkaMy flexible and the young (like those of so many 
forest-dwelling mammals and cursorial birds) are protectively striped (until the iour^ or fifth 
month). (From photographs by Chapman, and B.M. (N.H.) skins.) 

two-homed), and Ceratotherium sitnum (the White, or Square-lipped, Rhinoceros 
of Africa, also two-homed)* In addition there are three extinct &milies« 
During the Oligocene to the Pleistocene period the rhinoceroses fcMrmed an 
especially large, varied, and important group. The characteristic tooth- 
structure has already been mentioned (p. 826)- Manus and pes have never 
less than three functional toes. Two, one or no horns may be present. These 
are peculiar in being formed of a fused keratinous substance alUed to haift and 
neither true hom nor bone. From traditional times th i ^ substance h a^ been 
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valiiad in tiie Far East for its alleged i^hrodisiacal properties. It possesses no 
such properties. Even to-day it fetdies about 60s. per pound in Tanganyika, 
where 10-15 lb. are obtainable from a large example of Diceros bicomis. 

In certain extinct forms the horns were confined to males. The supers 
family, sootl after its beginning in the Lower Eocene, divided into four main 
lines of evolution : i. Hyrachyidse (the most primitive forms) ; 2. Hyiaco* 



Fig. 601. — Order PefiiioSaotfla, Sttb-ordcr OmtOSUlipllS, Super-famfly BllinOMIotoMet, 
Family WdnooSlQtidn. BmIueMheriumn This giant, aberrant, hornless rhinoceros of the Astatic 
Oligocene and early Miocene was the biggest terrestrial mammal and, excluding dino8a,urs 

(p. 508) probably the largest of all land animals. The most massive examples of Baluchtihettufii 
were perhaps 18 feet high at the Moulder and about 27 feet long. The skull was over four feet 
long, yet apparently small by comparison with body bulk. was a browser with an 

cssentialty grinding dentition and a single pair of massive, blunt incisors. The long postdike 
legs were three-toed, with the latmal digits considerably reduced. (After various authors.) 

dontidse (light cursorial animals) ; 3. Amynodontidae (about the size of a 
hippopotamtis). The above-mentioned families became extinct during the 
Oligocrae period. The remaining family 4* Rhinocerotidae, began in the 
Eocene and spread out into many lines during the (Migocene and subsequent 
periods until the Pleistooeae. Then the group became much reduced. The 
rhinoceroses were a veiy pol3miorphic family, and there is still murii unc^- 
tainty as to t hei r Glassification and as to the line of evolution of the living 
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forms. In certain cases geneiu can be distinguished by some peculiar character, 
as, for instance, Elasmotherium (a large Pleistocene animal with a large, f<»r- 
wardly directed, fronto>nasal horn and much folded cheek-teeth enamel), 
Baluchitherium (a Miocene rhinoceros with persistently primitive teeth and 
procumbent lower incisor tusks and the largest known land mammal (Fig. 6ox)), 
ChUotherium (a Pleistocene genus with an unusually broad mandibular sym- 
physis), etc. 


SUPER-ORDER PARAXONIA 

This, like the Mesaxonia contains but one quite unmistakably defined order 
— ^the Artiodactyla. The even-toed hooved-' animals that compose/ it are 
characterised essentially by the paraxonic foot (cf. p. 824) but also by other 
significant points of similarity. Whfle the Perissodactyla declined, th» Artio- 
dactyla flourished and radiated so that, despite their hunting by Man and the 
carnivores, many remain abundant to-day {e.g. wild pigs, various' deeA etc). 
The order is arranged as follows : ' 

ORDER ARTIODACTYLA 

Sub-Oid«r Sulformes 
Infra-order Palseodonta 
Fandlles Dlehobunidm (Eocene-Oligocene) 

ChceropotamidSB (Eocene-Oligocene) 

CeboehmrldsB (Eocene-Oligocene) 

Leptoeharids (OUgocene) 

Entelodontids (Eocene-Miocene) 

Infra-order Suina 

Families Sulda (Oligocene-Recent) 

Tayassttldse (Oligocene-Recent) 

Infra-Order Aneodonta 
Families Anoplotherllds (Eocene-Oligocene) 

Anthraeotherlidse (Eocene-Pleistocene) 

E^qmpotamldm (Pliocene-Recent) 

GsenotherlldSB (Eocene-Miocene) 

Infra-order Oreodonta ~ 

Families Agrlodiarldm (Eocene-Miocene) 

MwyeoldodontldSB (Eocene-Pliocene) 

Sul^rder Tylopoda 

Families SUphodontida (Eocene-Oligocene) 

Camellda (Eocene-Recent) 

SvlHRder Siimlnantia 
frifra-ordor Tragulina 
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FudOIm AmqpldOMrjwldSB (Eocaie-O 1 %ocene) 

HypertragulUte (Eocene-Miocene) 

PratoowatUa (OUgocene-Pliooene) 

CMoMda (Eocene-Oligoceiie) 

TngiffldsB (Miocene-Recent) 

InfraHntfer Pemm 
FamllleB Cwvida (Oligocene-Recent) 

Lagomeryeida (Miocene) 

GtralBda (Miocene-Recent) 

Antfloeaprida (Miocene-Recent) 

Bovida (Miocene-Recent) 

Order Artiodactyla 

The * even-toed' ungulates are represented at the present time by such 
animals as pigs, peccaries, hippopotamuses, camels, giraffes, sheep, oxen, deer, 
antelopes, etc. In the past there were, in addition, many other rranarkable 
forms. As a whole, this order is larger and more varied than the Perissodactyla, 
and the division between its sub-orders is deeper and more marked. The 
division within some of its groups is still in dispute. 

The Artiodactyla may be divided into three sub-orders — ^the Suiformes 
(pigs and peccaries), the Tylopoda (camels and llamas), and the Ruminantia 
(chevrotains, deer, giraffes, gazelles, cattle. Yak, buffaloes, goats, and ^eep. 

SUB-ORDER Suiformes 

Some mammalogists consider that the earliest identifiable Artiodactyla 
(e.g. Diacodexis, Bunophorus of the American Lower Eocene) fall into the sub- 
order Suiformes whilst others consider them sufficiently distinct to occupy a 
sub-order by themselves. These primitive palseodonts have the upper molars 
still in the tritubercular condition and seem in several other ways not v«y 
remote from the archaic placental stem. However, the paraxonic feet and 
unmistakably diagnostic artiodactyle astragalus (Figs. 624, p.- 861) at once 
reveal their true taxonomic position. 

Tlie Suiformes include the peccaries, pigs, wart-hogs, hippopotamuses and 
sevend extinct groups of highly debatable afi&nity. The teeth are 'bunodcmt ’. 
The fAnini^ are rriangular in section and in some forms become stout tusks. 
The molar teeth, while retaimng bunoid cusps, exhibit a secondary specialisa- 
tion in supernumerary cusps, additional to the original crown pattern. The 
limbs axe shmt and carry invariably four digits. Of special interest anumg 
the archaic Suiformes are the giant |ng-Hke entdodonts which were plentiful 
during the Eocene and Oligocene. These creatures stood more than five feet 
high, were a oinatimes X2 feet long and possessed small brains in skuUs almost 
three feet long: the jaws were equipped with ]ance 4 ike indsors, heavy canines. 
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and simple cheek-teeth, a dentition periiaps adapted to the unearthing and 
grinding of roots. 

The pigs became plentiful in the Old World in the late Tertiary. The 
peccaries arose from a common northern stock, and are repres«ited in the 
North American Oligocene. They probably reached South America in rela- 
tively recent (Pleistocene) times. 

The anthracotheres and the hippopotamuses (Ancodonta) (Fig. 602) are 
amphibious mammals that were plentiful in the Old World during -Ae Tertiary. 
Extinct forms ranged in size from that of a rabbit to the modem Hippopotamus. 

Perhaps admissible here, or perhaps under the next sub-order (Tylopoda) 
are the Oreodonta, an entirely North AmericeA'group which had a long range 
from the Eocene to the Pliocene. These heavily-built, pig-like, anituals had 



Fig. 602.— Order Aztkidsotyla, Sub-order Soifonuei. Infra-order Aneodonta, Family BOppo- 
potunida. lUppapatamtis: Aqoatie adaptatioiu. Although the body of H. aniphibius may be 
14 feet long and weigh more than two tons, the animal can conceal almost the whole of its bulk 
under water with little more than the most important exteroceptors exposed. (For com|>arable 
crocodilian adaptations, see Fig. 333, p. 500.) 


four toes as well ais strongly selenodont teeth which suggest ruminant affinity. 
The first lower premolars functioned as canines and the canines themselves 
were indsifoim. In some forms the last pr^olar was molariform. 


SUB-ORDER TYLOPODA 


This sub-order consists of camels (extinct forms as well as the modem 
llamas, camels and dromedaries) and their allies. Some authorities believe 
that the Tylopoda should be included in the Sub-order Ruminantia. 

Camels appeared as a distinct sto<± in the Eocene. They were common 
and almost exclusively North American in the Oligocene (e.g. Poibrotherium) 
when they were about the size of a small sheq> and had already lost the lateral 
digits and become didactyle. The devdopnent of the manud- and pedal- 
digits proceeded at an equal rate. The carpals and tarsais, unlike those of 
the Pecora, never fused, but the metacarpals and mdatarsals soon fused into 
a cannon bone whose distal ends gradu^y became diveagent, with suxioth, 
unkeded, articular surfaces for the phalanges. - 

The dmtition of the living species is peculiar. In tire uppd* jaw of the 
young there is the full number of incisors, but m the adidt the tidrd only is 
retained as an isolated recurved tooth similar in pattetn to. the- upfier and lower 
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canines. Tbe ‘hill number of lower indsois is retained as procombent^pntnbte 
teeth. Ihe jnmtMdars are reduced to the last two, and are small. The nuihus 
are very hypsodmst, and thdr four cusps sdenodont. In the nedc vert^me 
the vertebral artery takes the unusual course of piercing the anterior part of 
the transv^ne {uocess, instead of traversing its whole length as is usual. 
The ruminating stomach is rather simpler than that of the Pecora, and does 
not contain Special 'water-cells’, as was once believed. Experimentally, a 
Dromedary can lose fluid equalling 25% of its body weight without being 
seriously weakened. Further, it can go for more than 17 da3rs without drinking 
even when deprived of succulent plants. It loses relatively little fluid in its 
urine. Its body temperature ranges from 90° F. (at night) to 105° F. ; and it 
starts to lose much sweat only near the upper limit. The massive concen- 
tration of fat in the hump ensures that heat-loss is little retarded elsewhere 
and the inflow of heat is slowed by its wool (Schmidt-Nielsen). 

Like the horses, the camels became extinct in North America in the Pleis- 
tocene. Migrants from North America gave rise to the modem camels of the Old 
World and to the llamas of South America. The sub-order is now reduced to a 
few species. Catnelus drotnedaritis, the one-humped Arabian Camel, is no longer 
found wild. The other camel is C. bactrianus, the two-humped Bactrian animal 
of Turkestan. In South America the representatives are the humpless Llama, 
Gmnaco, Vicuna and Alpaca. The sub-order seems never to have been a 
large one, but there have been described several genera, some of them (as 
AtUcamdus, a * giraffe-necked ’ form) off the main line of descent. 


SOB-ORDER RUMINANTIA 

These form an exceedingly large and diverse group in which a few characters 
are b«‘!ld in common, as, for instance, the total loss of the upper incisors (p. 
872). The upper canine is also usually lost, but, in the rarer cases whwe it 
persists, it is much enlarged. Flat, spatulate lower incisors are all present, 
as is tiie lower canine, which has the same shape as the inosors, and is closely 
pressed against than. The premolars are smalla than the molars, and the 
latter have four crescentic cusps. The feet have always a cannon bone. 
The lateral toes are usually lost and the feet absolutely didactyle. In some 
cases rile second aiwi fifth digits remain, but are never complete (Rg. 617, 
p. 860). In this group the ruminating stomach attains its highest devoop- 
ment of four cwnplete chambers (Fig. 639, p. 878). Homs of several t^ 

occur, but are absent in some species. The Ruminantia are sometimes «hvi^ 

into two principal groups or infra-oid^eis. the Tiagulina (dievrotains and thor 
allies) and the Pecora (all other ruminants). 

The TraguMna are the remarkable cud-chewmg deerlets of tropu^ A^ 
(Trqgiditt) and Africa (HyewoscAas). Upper incisors are keki^. 
in fbf nj^iercanmes are large and adapted to aggression. e 
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are selenodont. The stomach is three-chambered as compared with the 
four-chambered organ of more advanced nuninants. Each limb has four 
hooved digits, and a caimon-bone (fused metatarsals) is present in the hind 
limbs. The lateral pedal digits are still complete, thou^ slender as is the 
fibula, which is reduced in all other ruminants). The navicular, cuboid, and 
entocuneiform bones of the tarsus, however, are fused together. The odontoid 
process of the axis vertebra is conical, not spout-like. As a rule there are no 
horns, but these were present in at least one of the extinct families (Proto- 
ceratidse). Superficially the chevrotains resemble large rodents — Whence the 
name 'mouse-deer*. 

The Pecora contains the families Cervidx (dper), Giraffidse (giraffes j okapi), 
Antilocapridae (prong-buck) and Bovidse (gazelles, Impala, Eland, Yak, cattle, 
buffaloes, goats, and sheep). \ 

The Cervid® date from the Oligocene. They usually have deciduoiffi horns 
or antlers confined, with one exception (the Reindeer) to the males. \Homs 
are absent in only two instances (Moschus and Hydropotes). The lateral toes 
are nearly always present, but are never complete. In some species the distal 
extremities of the metacarpals are retained (telemUacarpcd condition), and in 
others, including most of the Old-World deer, the proximal elements alone 
persist (plesiometacarpal condition). In both cases the phalanges are much 
reduced in size and do not touch the ground. The skull has two orifices for 
the lachrymal duct and a very large antorbital vacuity. Except in Moschus 
there is no gall-bladder. 

Moschus and Hydropotes are two rather aberrant forms in an otherwise 
fairly compact family. Moschus, the hornless Musk Deer, is placed by itself 
in a separate subfamily, the Moschin®. The male has large upper canines. 
A gall-bladder is present. HydropcAes, the Chinese Water-deer, although 
placed in the second subfamily, the Cervin®, differs from them in being hpmless 
and in having large upper canines like Moschus, but in all other respects is a 
true deer. There are many genera of Cervid® still living in the Old and New 
Worlds, but nrae in Africa south of the Sahara. 

In the Giraffid® the horns are non-deciduous, always covered with skin. 
They are simple and unbranched except in an extinct side-line represented by 
a few Pliocene genera sudi as Vishnuiherium, Sivatf&itm, and BranuUherium, 
which had skin-covered palmate antlers. The upper canines are absent, as 
are all traces of lateral digits. Not even the lateral hoofs pa:sist. The humerus 
has a characteristic double bicipital groove. The group naay be traced from 
the Miocene, and is now represented by the Girafite and Okapi. 

The Antilocaptid® or prong-bucks of North America have beai distinct 
from Bovid® since at least the Miocene but are oftm mduded with them. In 
both g^ps there are neither upper canines nor indsms, and there k only 
one orifice to the lachrymal duct. The latocal are cmnpletdy absent 
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except for the persistence of small homy hooves which may contain a nodule 
of bone. A gall-bladder is inesent. Homs ate univnsally present in males 
but in many genera of ^vidse the 


females are hornless. Homs are never 
shed except in the prong-bucks, whetein 
a soft homy covering is discarded an- 
nually. The horns in the Bovidae are 
never branched but are of many shapes: 
curved, or spiral, or circular. The 
Bovidae comprises more than one hun- 
dred genera and a large number of sub- 
families whose boundauries are not always 
satisfactorily definable. 

GENmLAL ORGANISATION 
OP MAMMALIA 

Int^[ument and General External 
Features. — ^Nearly all mammals are 
covered with hair (Fig. 603) developed 
in hair-follicles. Each individual haur 
is a slender rod, and is composed of 
two parts, a central part or pith (M) 
containing air, and an outer more solid 
part or cortex {R). Its outermost layer 
may form a definite cuticle (<?). Com- 
monly the cortical part presents trans- 
verse ridges so as to appear scaly. In 
one case only, i.e. sloths, is the hair 
fluted longitudinally. The presence of 



processes on the surface, by which the 
hairs when twisted together interlock 
firmly, gives a special quality to certain 
kinds of hair (wool) used for clothing — 
the felting quality as it is termed. A 
hair is usually ^lindrical but there are 
many exceptirms. In some it is com- 
pres^ at the extremity, in others it is 
comjnessed throu^out. The latter 
condition is observable in the hair of 


Fig. 603.— Msmmslis; Bstr. Longitu. 
dinal section (diagrammatic). Ap* band of 
muscular fibres inserted into the hair* 
follicle, Co, dermis; F. external longitudinal, 
and F\ internal circular fibrous layer of 
follicle; Ft, fatty tissue in the dermis: GH. 
hyaline membrane between the TOot«i^eath 
and the follicle; HBD, sebaceous gland; 
HP. hair-papiUa with vessels in its interior; 
M. medullary substance (pith) of the hair; 
O. cuticle; R, cortical layer; Sc, homy 
layer of epidermis; SM, Malpighian layer of 
epidermis; WS, WS\ outer aw inner layer 
of root-sheath. (After mnlerdieim.) 


negn>es. Fur is usually composed entirely of one kind of hair. In some cases, 
hoa/ever, there are two kinds. The hairs of the one sort may be very 
i^LUtnerous form the soft under-fur, while those of the other consist of longer 
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and coarser hairs scattered ovot the surface as in OmUhofl^mchm, the fur-seal 
(CaUorhinus), and the mink (genus PtOorius *= polecats). 

The principal function of hair is the part it plays in tonperature re^^ulation 
but it can be tactile, protective, and possess sexual functi<ms as welL It has 
been secondarily reduced or almost lost in widely different animals, e.g. the 
almost hairless subterranean rodent, H^ocephtdus glaher, and the Sirenia, 
Cetacea, and Man. Most, if not all rodents are bom naked; the condition in 
the adult H. glaber of tropical East Africa is probably an exrunple of paedo- 
morphosis. In Man, and certain other animals (cetaceans, sirenians) that have 
become relatively hairless, heat loss is retarded by a compensatory layer of 

hypodermal fat (blubber) that arises in 
the superficial fascia. At the same 
time, the apparent hairlessness of Man 
is illusory. Except for the palnmr and 
plantar surfaces, the lip borders) parts 
of the fingers and toes and external 
genitalia, the body of man is clothed 
by hair on the scalp, as eye-brows and 
-lashes, as secondary sexual characters 
in axillary and pubic regions and on 
chest and face (in the male) ; or, on the 
other hand, by widespresul, short-hair- 
down or vellns. In the neonatus, vellus 
normally replaces the fine lanugo which 
almost covers the foetus from the fifth 

Fm. 604.— PtiuMlM: Tut% viteim. or sixth month until (usually) shortly 

Arrangement in a typical strepsirrhinc monkey. , _ , . , « # \ , 

a.mystacial; ft. mental; c. inter-ramal ; rf.car. before birth. Some of this IS SWallowed 

by the tatm«d may be voided by the 

neonatus in the meconium (fseces). It 

is of interest that the relatively hairless elephants also possess lanugo. 

Hair is also tactUe in function and in most mammals (especially arboreal 
and nocturnal forms) it occurs also as specialised tactile vibrisste on the facial 
region and sometimes near carpus and tarsus (Fig. 604). Groups of vibrissas 
are richly innervated. These are absent in Man, but it is probable that eye- 
brows represent the suprau}rbital vibrissae of ancestral mammals. , The relative 
disappearance of hair may be associated with improved tactile acuity of the 
htunan skin. 

In animals such as spiny anteaters (Tachyi^sns)i he(%ehogs (Erinteeus) 
and porcupines (Hystrix) the hair in part assumes the tom of di^msive spines 
or quills. Also protective are the outwardly directed in the nostrils 

and auditory meatus of many mammals, induding Man, whidt serve to Wock 
tto entrance of foreign substances and inseds^ Eydaahes have a stodarly 
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protective fuactioo. Hair too, probably subserves a threat iunctkm In com- 
bat, and, in specialised areas, assists in the retention of animal odours agnificaat 
in courtship. 

Hair, with the except!^ of eyelashes, grows at a slant and is distributed in 
tfttds (Fis* 605). Ihimitively such tracts are directed caudally and ventrally 
on the trunk, and dist^y and postaxially on the limbs {e.g. Myrmecobius, 
Dasyurus, and, in addition, many relatively unspecialised eutherians). This 



Fig. 603. — Theiia: Bair-tricts. Hairs emerge with a slant in tracts characteristic of the 
group. The primitive arrangement appears to be backwards, perhaps related to the reduction 
of friction, 9 A is the backward direction of feathers and scales. The primitive condition has been 
abandoned in numerous groups : there is sometimes a complete reversal of direction of specific 
tracts, seemingly related to toilet adaptations (Figs. 483, p. 696; Fig. 607, p. 846). The direction 
of hair tracts been presumed by some authors as evidence of Neo-I^marckian inheritance. 
Left: Marsupial {WtUlabia) pouch young; Centre: Prosimii (Loris) juvenile; Right upper and 
lower: Hoad and neck region of Psendochirus (marsupial possum) and Homo (Man) showing nuchal 
hair-whorls. (Redrawn after Wood Jones, Osman Hill.) 


primitive distribution, however, is remarkably varied by the development of 
whorls and the complete reversal of direction of hair growth over extensive 
areas of body surface. Some such arrangements appear to be strikingly 
correlated with the combing or scratching habits (Wood Jones). 

A hair, like a feather, is formed from the epidermis. The first rudiment ctf 
a deveiU^jIng h afe usually takes the form of a slight downwardly projecting 
outgrowth. U»e Jmr-germ, from the lower layw: of the epidermis, beneath udiich 
there fbsriis- a cemdensation of dermal tissue to form the rudiment of a haif 
PupiUtu . ha acune wiatnmftls , however, the dermal pajxila makes its appearance 
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before the hair-germ. The hair-genn, which consists of a Solid mass of epi. 
dennal cells, elongates, and soon its axial portion becomes o<»i<lensed and 
comified to form the shaft of the hair, while the more peripheral cells go to 
fonn the lining of the hair-follicle. They become arranged in two laj^. the 
tftfter and otf/er root-sheaths. The epideimal cells in immediate contact with 
the hair-papilla retain their protoplasmic character and form the hair-btdh, 
by the activity of which the further growth of the hair is effected. Soon the 
upper end of the hair-shaft grows out beyond the surface of the epidermis, and 
the projecting part eventually becomes much longer than that which lies 
embedded in the follicle. At the same time the follicle grows downwards into 
the dermis. During its growth the hair is noarished by the blood->fessels in 
the dermal hair-papilla, which projects into its base. I 

Hair is erectile due to the action of imstriated arrectorpili muscles ^ich are 
innervated by the sympathetic nervous system (p. 119). Thus hair 's^ds on 
end' during extreme fear, ‘goose-pimples’ are raised in cold and Specific emo- 
tional states, or hair can be raised (as a bird's plumage is 'fluffed') as a heat 
conservation mechanism during cold weather. Hair follicles undergo cyclical 
activity by which old shafts are shed and replaced. In some mammals [e.g. 
Man, Domestic Cat) each follicle behaves independently of its neighbours, so 
that although each body hair (in Man) is replaced at least once, or perhaps 
twice, a year, there is no concerted seasonal moult such as occurs in the Arctic 
Fox {Alopex lagopas), Arctic Hare {Lepus arcticus), certain of the Mustelidse 
and other forms. In such animals follicle behaviour is more or less synchron- 
ised. The white phase of the Arctic fox takes on brown fur during the summer. 
The ‘blue’ (bluish-grey) phase of the same species, on the other hand, does not 
change colour. There is some evidence that the 'blue' condition is recessive 
and the phasic one dominant. Blue animals remain conspicuous and at an 
apparent disadvantage during the winter; they constitute less than 5 per cent 
of the population in the rigorous climate of Baffin Land and the Canadian 
Arctic. The phases are probably about equal in Western Greenland. There 
is some evidence that ‘blue ’ foxes have a lower reproduction rate. Their diet, 
too, is different. 

Unlike that of many birds and other vertebrates, the mammalian exoskele- 
ton is rarely brightly coloured althot^h it is ofteaholdly marked and in this 
way achieves an obliterative effect in shadovry situations (e.g. Felts, Thyladntts, 
Eqttus, and others). No mammal has developed green hair, although the 
sloth becomes greenish by special means (p. 768). Certain primates (Cerco- 
pithecidse) possess a highly coloured posterior sexual skin, which b^mes 
brighter in the female under the seasonal action of eestre^ens, and which is 
no doubt important in sex reo^ition and stimulaUon. A few mammals 
possess scales. Thus in Manis (Fig. 550, p. 773) the greatar part of the surface 
is covered with large, rounded, over-lapjnng homy scales of qpidennal origin, 
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siBulaJf in SHjde of ctevdopment to those of reptiles. A sinular phe&o- 
jnenon isseen intheiategament of the ventral surface of the tail of Anomdlmutt 
the African ‘flying* squiird. Here the scales engage the tree-tnmk at the oad 
of e ach glide and reduce skidding. Armadillos (Fig. 533, p.. 763) are tlM 
only in which there occurs a bony dermal exoskeUton. 

Also epidennal in their origin are the homy structures in the form of nails, 
claws, or hoofs, with which the terminations of die di^ts are provided in all 
the except the Cetacea. There seems little doubt that flattened 

P ^iis (ungula) arose by d^eneration and specialisation from daws {falctda) 


Dmd St 



»hich coimnon ta the Reptili. aid whidi ««« to . wnphThtons (e.g. 
Xenotus and the Japanese cto«ed newt, 0 «yc*oiatft*B). .... 

sLi evidoK. pLented by the ^ ^ 

Paheosoic th«on«.rphs (p. SM) possessed^wed yts 

ol their early mammalian descendants. There is, hnweyg. s<n M de.^ 
mortal dMe^c. hetwem. the daws nf at 1.^ s^ 

In Chdnnia and CrocodOia the jnntog A* deveftn tnm tim whole 

ctaw-iat, vdtereas in the M a mm al i a rnudi 0 e * however divided 

mtoal matrix is restri^ to the terininal matrix aria, 

into a basal and terminal matrix (Fig. ooo). . j stream 

obB,p„ homy hmmnx whid. come to farm the thni eondatsed *»s<^ 

VOL..II. 
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or main body of the daw. From the basal matrix there grow Iamdl« that 
become arranged horiz<nitally to form the panotective sup»fieial 8 fy>atfm. 

It is not improbable that relativdy blunt, flattened nails arose with the 
broadening of the digital pads (Fig. 607) of ancestral primates. The assump- 
tion of nails was achieved by the reduction, and next the cflsappearance, of the 
terminal part of the germinal matrix and the deep stratum (Fig. 606) until 
only the thin superfidal elemoit, of changed shape, remained. 

Evidence of such a transition is perhaps shown in extant primates. In the 

daws of marmosets {CaiiUhnx) the deep 
stratum appears to have been greatly re- 
duced ; but ^ithis, on the other hand, may 
represent a secondary modification jpf nails. 
In lemurs, nails have arisen on all d«ts ex- 
cept the second toe which has remained 
clawed as a toilet digit (p. 843). In tarsiers, 
which have devdoped distal tactile {mds of 
remarkable size, the nails in turn have been 
reduced to vestiges except for ungulae that 
have become claw-like toilet-nails on the 
second and third toes (Fig. 607). Homs, 
too, are epidermal in origin, but th^e of 
rhinoceroses are peculiar: they appear' to be 
formed by the agglutination of hair-like 
homy fibres (p. 834). 

Cutaneous glands are almost general in 
the Mammalia. The most constant are 
sebaceous glands, which open into the hair- 

Fio. ^7. rara<w«: Pm. Both follides, and sweat- {sudoriferous) glands. 
apical and plantar pads occur, as well 

as toilet claws (not present on manas) Sebaceous glands are lobulated derivatives 
^ digits- (After Malpighian layer and produce sebum 

which lubricates the adjacent hair-diaft 
skin. It is bacteriocidal in nature, and in addition probably helps render the 
skin impervious to moisture and to desiccation. Sweat-glands are relatively 
simple in stmcture. They are lacking in many mammals and occur chiefly 
on the plantar and palmar surfaces of others {e.g. arboreal animals). 

In primates in particular sweat ducts emerge at the summit of papUlary 
ridges which occur, often in association with tactile pads, of varying number 
and disposition. These ridges are fhe basis of fingw-printing. Tactile pads 
occur on the palmar or plantar surfaces and sometimes, in addition, on the 
digits of the manus. The roughened surface of the touda pads, plus the 
secretions from sweat-ducts, probably angmepts the graspuig power of the 

Jin*. 
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In Many ' Mammals there occur in various parts of the body Mnltif^ or 
suigie glands that secrete odorous material. Tl»se are often, but not in- 
variaWy, situated in the genital region. Partictdatiy notable in this respect 
are the brachial glands of certain primates {e.g. lemurs). These occur in the 



Fig. 608.— Xatheiia: Cutaneoiif glandi and dl!aeftonr ilfaali. Mammals (and reptiles) that 
live on or near the ground make extensive use of olfactory signals. Among the ruminants alone, 
pedal, tarsal, metatarsal, carpal, caudal, inguinal, preputial, postcomual. occipital and preorbital 
glands have been described, all of which produce h^hly odorous secretions. Carnivores, rodents, 
and many other groups (see Fig. 609, p. 848) possess cutaneous glands of various kinds which are 
significant in courtship, and in the establishment of territory, and perhaps have other functions 
as well. For example, wild dogs (and lap-dogs) mark projections with urine mixed with preputial 
secretions. A, Inguinal glands of mme Bush-buck {Tragelapkus); B, Preofbital gkmd of 
Four-homed Antelope (Tetracefos) (see also Fig. 609); C. Anal gland of male civet (Ktuerra); 
D, Pedal gland of Muntjac (Cervulus), (Redrawn from Bourliere. after Pbcock.) 

proximal region of the mm of the male. Also present in both sexes may occur 
an ai^brachid or carpal gland in association with an erect homy Sfrar of 
variable size and disposition. A variety of odoriferous glands has arism 
mother orders (F^. 608, 609). 

Mammary inlands, which secrete milk, are probably specialised sweat- 
glands. Th^e arise alm^ the mammary- m miUE-Iines which nm from axilla 
to ipguinal regimi on each side cd the tnmk. They diSer c(HirideraUy in 
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number and distributi<m. From one {e,g. most Primates, Girafies) to deven 
{Centres) pairs occur in eutherians, depending, in general, upon the number of 
young and their post-natal feeding reqmrements. Thus, Cavia has only one 
pair of mammary glands and produces 3 or 4 well-developed young after an 
unusually long period of gestation (67-68 days) for an animal of such size. The 
Common Rabbit, on the other hand, generally possesses four pairs of mammary 
glands and commonly produces about eight relatively helpless young after an 

intra-uterine period of only 30-32 days. 
Mammary glands may be restricted to the 
thoracic region {e.g. Chiroptera, Sirenia, 
p. 821, and aU Primates except 
the inguinal area {e.g. cetaceans. 

When many young are produced tl 
mary glands are developed serially 
tensively along thorax and belly. In 
mammals of arboreal or fl3dng habit, 
nipples have taken on an accessory anchoring 
fimction (Wood Jones). Thus, in lemurs and 
rhinolophid bats, the young cling by means of 
both arms and legs and, at the same time, 
assist in maintaining their grip by gracing 
one or other of the otherwise apparently Non- 
functional inguinal nipples with the mouth. 
When the parent comes to rest the young one 
reverses its position and feeds from a thoracic 
organ. The nipples open into the pouch of 
marsupials that possess a functional mar- 
supium. The number varies from two in the 
fossorial Notoryctes (p. 714) to about twenty 
in Monodelphis henseli (p. 7x1). In Monodel- 
phis and Marmosa the nipples are distributed between axiUae and vent. 

The complex group of events resulting in (x) the cellular S3mthesis of milk 
from precursors in the blood stream and its passage through the monbranes of 
the alveolar cells, and (2) its discharge from the mammary gland, is lactation 
(see below). The apparatus of lactation is present in both sexes. In Man the 
phenomenon of ' witches'-milk’ in boy as well as in girl babies exemplifies this 
when, occasionally, abnormal amounts of maternal oestrogen and prolactin 
(p. 849) escape into the foetal circulation just before parturition. Further, milk 
production has been experimentally achieved in male rats and other mammals. 
In metatheiians and eutherians each mammaiy jg^bnd opens to the exterior 
by a teat which is guarded by a sphincter apparatus of varyk^ complexity. 

Ill most of the Ruminaatia (as well as the T^opoda, p. 838)^ the two («.g. 



o 





Fig. 609.— Ungulata: Tarritoiy 

Male Blackbuck (AfUi- 
lope cervicapra) marking a stick with 
preorbital secretion (see Fig. 6o8B). 
(Redrawn from Bourliere, after Hedi-* 
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sheep and goats) or four (e.g, cattle) mammary glands are of ranarkaUe size 
and are contained in an udder wfaich is partitioned into gedadopkorie simuees or 
milk-dstems in which the fluid accumulates before final liberation through the 
teats. The careful selective breeding of domestic cattle and goats has resulted 
in milk production enormously in excess of the needs of the wild an»"ial 

In the embryo, milk streaks develop into the mammary-lines on each aid ** 
of the ventral mid-line. At definite points thereon appear coitres of Mal- 
pighian-layer proliferation and these at length develop into functional or often 
supernumerary mammae. (Supernumerary mammae occaisionally appear in 
both sexes in Man which may sometimes be functional in females.) 

Mammary development and milk-secretion are largely under hormonal con- 
trol, but neural influences may be also involved. There is evidence that the 
factors initiating the pubertal and subsequent seasonal growth of the mammar y 
glands differ scunewhat among species, but, in general, it can be said that 
cestrogens (liberated as a result of pituitary gonadotrophic stimulation) ate 
alwa}^ involved. In actual lactation, the anterior pituitary hormone, prolac- 
tin (see also p. 151) is important, together, probably, with other lactogens 
from the same (and possibly other) sources. Certainly the factors governing 
the initiation, discharge and inhibition of lactation are more complex than was 
formerly realised. Even the apparently well-established principle that a rise 
in oestrogen inhibits lactation has, perhaps unjustifiably, been called in ques- 
tion. As regards neural factors, it seems established that the mechanical 
stimulus of sucking causes a reflex discharge of prolactin (and possibly other 
anterior pituitary lactogens) and that, in cows at least, stimulation of the teat 
as well as other external factors may cause the liberation of posterior pituitary 
oxytocin which facilitates ’let-down’. It is undeniably true that fear and 
other unfavourable factors impede milk discharge, and so the nervous system 
is involved in yet another way. The basic composition of milk is approximately 
as follows (cf. c crop-milk', p. 583) ; 


Table IV. Composition of milk (expressed in percentages, modified 

after Davies). 


Species . 

Water . 

Fat . 

Sugar . 

Casein . 

Other 

Protein . 

Ash . 

Man .... 

88*50 

330 

6-80 

0*90 

0*40 

0*20 

Rat .... 

68*3 

14*8 

2*8 

4*2 

2*6 


Cat . 

81 '63 

3-33 

4*91 

3*X2 

5-96 

0*58 

Porpoise 

4i'ii 

48*50 

IV 

xz 

•19 

0*57 

Elephant 

67-85 

19-57 

8*84 

7*xi 


0*46 

Ox ... . 

87-32 

375 

475 

3*00 

0*40 

TP 

Goat . 

82-34 

7*57 

4*96 

3*6a 

o-6o 

0-84 


In to the above basic constituaits, milk also contains both iat- 

and water-sohilfle vitamins, carotenoid pgments, enzyrrms, mineral salts (sudi 
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as calcium phosphate and sodium (boride) and other materials. Befoae, and 
briefly after, parturition the matonal mammary glands omtaia a tolo^nm 
of high nitrogen, globulin and vitamin ccmtent. There is srmte evidence that 
maternal antibodies thus continue to be transferred to the oflspring for a ^ort 
period. The transition from colostrum to milk secretion proper occurs gradu- 
ally during the days following birth. 

Little is known concerning lactation in the Prototheria. Teats are absent. 
The milk glands consist of two groups of very large tubular follides, the ducts 
of which open on the ventral body surface. In the ant-eater Tachyglo&sus 
(P- ^5} the two areas on which the ducts open beccune depressed towards the 
breeding season to give rise to a pair of pouches — ^the nummary pouches. A 
large brood-pouch or incubatorium is subsequently formed, and in this tqe egg is 
deposited. When the young animal is hatched it is sheltered in the posterior 
deeper part of this incubatorium, while in the shallower anterior part ke the 
mammary pouches. In Omithorhynchus mammary pouches are indg^ated 
only by extremely shallow depressions. No incubatorium is developed. ’ 

Endoskeleton. — The spinal column of mammals varies in the number of 
vertebrae which it contains, the differences being mainly due to variation in 
the length of the tail. The various regions are usually very distinct. In 
the cervical region the first two vertebrae are modified to form the alias and 
axis. Owing to the absence of discrete cervical ribs, the posterior cervical 
vertebrae au'e much more sharply marked off from the anterior thoracic than 
is the caise in reptiles and birds. The cervical vertebrae have double tnmsverse 
process (or a transverse process perforated at its base by a foramen which 
transmits the vertebral artery) in all except the last. There are certain excep- 
tions (such as mamy marsupiads, some rodents, Hyrax and the hippopiotaunuses) 
where the seventh cervical vertebra is ailso perforated. The ventral p>ortion 
of the transverse process in certain cases (e.g., seventh and sometimes some of 
the others in Man) auises from a sepauate ossification, and this is r^;aurded as 
evidence that this ventral part, even when not independently ossified, represents 
a cervical rib. Seven is the prevauling number of vertebrae in the cervical 
region. There axe only three exceptions to this — ^the mauiatees amd two genera 
of sloths (p. 764). Thus giraffes have the saune number of cervical vertebrae ats, 
for example. Maui. The number of thoracic amd lumbar vertebrae is far more 
variable. Usuatlly there are between nineteen amd twenty-three. H}rram has 
a larger number of thoraco-lumbau* vatebrae than any other mammal — ^from 
twenty-nine to thirty-one. 

The thoracic vertebrae beau: ribs whidi are camnected, either direcriy <rt by 
intermediate ribs, with the sfmto/ ribs, and through them with the sternum. 
Each rib typically auticulates with the spnnal cohmm by two aariciriations 
—one articular surface being borne on its h^ad awd the other OH' its tubercle. 
The tubonle articulates \rith the tramsvarse process, the hwMt usua^^ with 
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an articular surface itmiished partly by the vertebra with whidi the tuberde 
is coimeeted, aad partily by that next in front. Thus the head of Hie ftrst 
thoracic rib partly articulates with the vertebral body of the last cervical 
vertebra. 

In all the Mammalia in which the hind-limbs exist (*.«. all save the Shmia 
and the Cetacea) there is a sacrum consisting of closely united vertebrae, rtie 
number of whidi variw in the different orders. The caudal region varies 
greatly. In many long-tailed mammals there is developed a series of chevron 
bones — ^V-shaped bones which are situated opposite the inter-vertebral spaces. 

The body of each vertebra ossifies from three centres— a middle, an 
anterior, and a posterior. Usually the two centres of ossification which form 
the neural arches also contribute to the formation of the bony body. The 
middle centre forms the body proper; the anterior and posterior form the 
epiphyses. The epiphyses are almost entirely absent in the monotremes. 
They have not been detected in dugongs (Sirenia). Between successive centra 
is formed a series of discs of fibro-cartilage — the inter-vertebral discs — re- 
presented in lower vertebrates in crocodiles and birds only. The anterior 
and posterior surfaces of the bodies are nearly always flat. 

The sternum consists of a number of segments — ^the presternum in front, the 
tnesosternum, or corpus sterni (composed of a number of segments or sternebra) 
in the middle, and the xiphisternum behind. The sternum is formed in the 
foetus in great part by the separating off of the ventral ends of the ribs. Some 
of the Cetacea and the Sirenia are exceptional in having a sternum composed 
of a single piece of bone. The sternal ribs, by which the vertebral ribs are 
connected with the sternum, are usually cartilaginous, but frequently undergo 
calcification in old animals. In some cases they soon become completely 
converted into bone. 

The skull of a mammal (Fig. 610) contains the same chief elements and 
presents the same general regions as that of the reptiles and birds, but exhibits 
certain special mo^cations. But certain elements present in the skull of 
reptiles and birds are not represented (or are not certainly known to be re- 
presented) by s^arate ossifications in the Mammalia. Such are the supra- 
orbital, the prefrontal, the postorbital, the ectopterygoid and the quadrato- 
jugal. The bones of the skull, with the e.\ception of the auditory ossicles, the 
lower jaw, and the hyoid, are all immovably united by means of sutures. 

The bones develop palaiine plates separating off a posterior nasal 

passage from the cavity of the mouth, a condition found among the living 
reptiles only in the Crocodilia, and, to a less extent, in the Chdonia and 
somelisatds. 

The n^ptMdic arch is a stnmg arch of bone formed partly of the squamosal, 
partly of the jugal, and partly of the maxilla ; in position it represents the lower 
t emp ^j if ai arch of Amphibia, r^rtiles and birds, but is diffraaitiy constituted. 
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The orbit in the skull of some mammals is completely oidosed IxHie, con- 
stituting a well-defined cavity. In others it is not ccnnpletdy surrounded 
by bonf* behind, and so communicates freely with the temporal fossa 
lies behind it. 

The periotic bones (fused prootic and opi^t(aic) are not separately repre- 
sented in the skull of mammals. Part of the periotic mass sometimes projects 
on the exterior at the hinder part of the lateral region of the skull, and is the 



Fig. 6x0. — ^KammaUa: Skull. Relations of the principal bones. A-S. ali-sphenoid; B-Hy. 
basi-hyal; B- 0 . basi*occipital; B-S. basi-sphenoid; C-Hy. cerato-hyal; E-Hy.epi-hyal; £x- 0 . 
ex-occipital; Fr, frontal; Jw. jugal; La, lachrymal; M. mandible; ME. mesethmoid; Mx, 
maxilla; Na. nasal; O.-S. orbito-sphenoid; Pa. parie^; Per. periotic; PI. palatine; P.-S. pre- 
sphenoid; PMx. premaxilla; Pt. pterygoid; S-Hy. stylo-hyal; S-O. supra«occipital; Sq. squa- 
mosal; T-Hy. tympano-hyal; Th-Hy. thyro-hyal; Turb. turbinal; Ty. tympanic: Vo. vomer. 
(Capitals — ^replacing bones; italics — ^investing bones.) The numbexed circles mdicate the points 
of exit of the cranial nerves; x, olfactory; a, optic; 3» oculo-motor; 4, trochlear; 5, 3^ the 
three divisions of the fifth nerve; 6. abducent; 7, facial; 8, auditory; 9, glosso-pharyngeal; zo, 
pneumogastric; 11, spinal accessory; z a, hypoglossal. (After Flower.) 

mastoid portion. The rest is commonly called the petrous portion of the 
periotic, and encloses the parts of the internal ear. The mastoid pmtion con- 
tains only air cdls. The tympanic bone, which represents the angdlar of rep- 
tiles and birds, sometimes forms a long tube, scmietimes only a mere ring of 
b<me. In other cases it not only gives rise to a tube — ^the eidemal auditory 
msstes— but also forms the hMi tympani, a dilated bony process containing 
a cavity. 

The tympanic cavity, in ubich lie the astditory osskies, is hollowed out of 
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the petrosal which is itself formed by the complete fusion of the j^OKrtic and 
opisthotic bones. In the primitive condition, as be seen in some 
of the marsupials, ' insectivores *, edentates, etc., this chamber has no bony 
covering, and the tympanic bone {jtctotympawui) is an open ring lying loosdy 
and supporting the ear-drum. When, as in most cases, a bony covering is 
formed, this structure is termed the httUa. It is not always formed in tibe 
same way in different groups. In those marsupials in which a bulla is present 



Fkc. 6zx. — Tjmipftllio ftniotm* The tympanic bone is black; the petrosal dotted* 
the squamosal horisontally shaded and the basi*occipital vertically shaded. (For ^insectivores* 
see p. 7^6.) 

it is always made from the alisphenoid* the tympanic fomiing the external 
auditory meatus. In the Primates it is formed chiefly by an outgrowth of the 
petrous bone* which may either grow round the tympanic ring so as to enclose 
it (as in the Tupaiidae and Lemuridae (Fig. 611)* where it lies free in the cavity), 
or (as hat the Lorisidae and platyrrhine monkeys) it joins on to the edge of the 
tympainic ring, which thus forms paurt of the bulla watU and acts as the opening 
of the middle «r. Again, in the tarsiers and catarrhine monkeys it is further 
produced outwaurds to form a bony tube— the external auditory meatus. In 
other mammals the tympanic, as a rule, forms most of the bulla, but the 
VOL^XL 
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entotympanic, squamosal, alisphenmd. and basi^;d[ieiK^ may also take some 
part either in the formation of the bulla or as supportii^ elements. 

The occipital region presents two condyles for articulation with the atias. 

The ntandiMe consists in the adult of one bone, the equivalent of the dmtary 
of reptiles and birds, on each side. The two rami, as they are called, are in 
most mammals dosely united at the symphysis. The mandiUe articulates 
with an articular surface formed for it by the squamosal bone, bdow the 
posterior root of the zygomatic arch. 

The hyoid apparatus (Fig. 612) is a bony complex situated between the 
larynx and the base of the skull which serves to supix}rt the tongue and to 

suspend the larynx and trachea. It ^hibits 
*ty- hy. considerable variation in different mamm^. It 

consists of a transverse, flattened basinycd or 
corpus (‘body of hyoid’) to which are articwated 
anterior and posterior cornua (or ‘horns’). \£ach 
brief posterior cornu consists of a thyroh^ to 
which is attached the th3n'oid cartilage of the 
larynx. On each side of the pharynx extends an 
thy. hy. anterior cornu consisting of an articulated 
succession of three bones, the ceratohyal, epihyal, 
and stylohyal elements. In some mammals (e.g. 
Man) the last-named may unite with a tyhtpa- 
nohyal as a styloid process. 

Fic. 6x2.— Csnidas: The ratio between cranial capacity and facial 


•pi.hy. 







hy. 

Fig. 612.— Ganidad: Hyoid ap- 


skeleton varies greatly in the different orders. 


dog). Front view. S(y. Ay. stylo- SKexeion vanes greauy in me aineieni; oraeis 

hyai; epi. hy. epihyal; cer- hy. jjjg greater development of the Cerebral hemi 
ceratohyal (these three constitute ® 

the 'anterior cornu'); has. hy. Spheres 111 the higher gTOUps necessitates a more 

capacious cranium. This is brought about by the 
bulging upwards, forwards and backwards of the 
cranial roof, resulting in a great modification in the primitive relations of certain 
of the great planes and axes of the skull (Fig. 6x3). Taking as a fixed base line 
the basicranial axis — an imaginary median line running through the basiocdpital, 
basisphenoid and presphenoid bones — ^it is found that the greatly expanded 
cranium in the higher mammals has effected a marked alteration in the relations 
to this axis i. of the occipital plane or plane of the foramen magnum ; 2. of the 
tentorial plane or plane of the tentorium cerebdU (a transverse fold of the dura 
mater between the cerebral hemispheres and the cerebellum), and 3. of Ae 
ethmoidal plane or plane of the ctibrifmm plate of the ethmc^. In the lower 
mammals (2I) these are nearly at ri^t ani^s to the basicranial axis. In the 
h^er groups, by the bulging forwards and backwards d the cranial roof, 
the occipital and tentorial planes incline badcwarik and the etbmddal for- 
wards, until aH three may become approximatd^ iionsmit^ At the ssunc 
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time then is produced a change in the rdlations of the has i c pi wtyl ai os to the 
basifacial axis — a line passing akmg the axis of the fw« between Hie ineseth- 
moid and the vmner. In the lower forms the angle at which the basifacial 



^xis, when produced, nwets the bascranial is an mcceedingly open oi». In 
the b j gh eT foms, owmg to the doMmward in din a ti m erf the fadd region, this 
angle deerwi y^ in sise, thou^ it is never reduced to less than a right angle. 
Tba peekirsA arck of the has fewer distinct dements Hian that of 
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teptiles and birds. The coracoid, whidi, in the last two groups, is a large bone, 
shares by means of its dorsal end in the bounding of the glenoid cavity. Its 
ventral end, articulating with the sternum, is in the adult never present as a 
distinct bone. In the young of many mammals it appears to be represented 
by a small ossification which enters into the glenoid facet. This very soon 
coalesces with the scapula. The coracoid process is a separate ossification in 
the young mammal, and, though in most instances it completely fuses with the 
scapula and with the smaller coracoid element, it is sometimes recognisable as 
a (fistinct element up to a late period (many marsupials, sloths). It appears 
to correspond to the bone called epicoracoid in the Ptototheria (see p. 697). 
In fcetal marsupials the coracoid is represented by a well-developed; cartila- 
ginous element which extends inwards and meets the rudiment of the sternum. 

In the scapula a spine is nearly always developed, and usually ends in a 
freely projecting acromion process. Unlike the main body of the scapula it 
is develop^ without any antecedent formation of cartilage, and is pernaps to 
be compared with the deithrum, an investing bone occurring in some Amphibia 
and Reptilia (p. 397). A clavicle is well developed in many mammals, but is 
incomplete or absent in others. Its presence is characteristic of mammals 
in which the fore-limbs are capable of great freedom of movement. In the 
mam malian embryo there is, in the position of the clavicular bar, a bar of 
cartilage, which coalesces with its fellow in the middle line. The cartilaginous 
tract thus formed segments into five portions — a median (which coalesces with 
the prestemum), two small inner lateral (which unite with the clavicles or are 
converted into the stemo-clavicular ligaments), and two long outer lateral 
(which give rise to the clavicles). The median and inner lateral portions appear 
to correspond to the epistemum of reptiles and Prototheria. An additional 
small cartilage may represent the inner portion of the precoracoid of Amphibia. 
A piece of cartilage at the outer end of the clavicle proper is sometimes dis- 
tinguishable — the mesoscapular segment. 

The three elements of the pdvic arch unite to form a single bone, the 
innominate. The ilia rniite by broad surfaces with the sacrum ; the pubes, 
and sometimes the ischia, unite in a symphysis. All three may take a share in 
the formation of the acetabulum, but the pubis is usually excluded by a small 
cotyloid hone. In both monotremes and marsupials (except in Thyiadnus 
where they are cartilaginous) epipubie bones occur, the so-called 'marsupial’ 
bones. They occur in both sexes and in unpoudhed as well as pouched species. 
They are large and flat, are only lightly joined to the rest of the pelvis, 
spring upwards and outwards to taper and terminate in the musdes of the 
abdominal wall. It would seem that their foncti<m is to lend siqpport for the 
ahdcmmial wall: there is no evidence of any present or past functkm in rdaiion 
to actual locomotion. 

In the shEuflc the inn^ or tibial elonent h always the larger ; the fibnla 



PHYLUM CHORDATA 


857 


may be vestigial. A large sesamoid 
bone — ^the patdla — ^is almost universally 
formed in dose relation to the knee< 
joint. 

The most primitive type of ex- 
tremity is the plantigrade, with five 
sub-equal digits, a flexible carpus and 
tarsus, and with the bones ' interlocking ’ 
(e.g. TrUemnodon, Fig. 614, and many 
primitive mammals). From a general- 
ised pattern of this sort many modifica- 
tions have been derived. As an adapt- 
ation to increasing speed, the cursorial 
patterns proceed through the subdigiti- 
grade to the digitigrade, and fitmlly to 
the unguligrade condition as the extreme 
adaptation along this line. This is ac- 
companied by an increase in the length 
of the digits, either along the axis of the 
third toe — ^the mesaxonic pattern — or 
between the third and fourth toes — ^the 
paraxonic pattern. An early stage of a 
mesaxonic foot can be seen in the 
condylarth Teiraclanodon, and its final 
stage in horses or in the Litoptema 
(Fig. 615) where a functionally one-toed 
condition has been reached. Although 
these animals are morphologically three- 
toed, the second and fourth toes are 
still represented by splint bones. The 
paraxonic hand and foot, of which an 
early stage can be seen in the creodont 
Mesonyx (Fig. 616), has the axis passing 
between the third and fourth digits, 
which enlarge at an equal rate. The 
second and fifth toes, on the other hand, 
beccnne equally reduced, and the first 
toe disappears. The final result can be 
seen in Hie more advanced Artiodactyla 
{e.g. a cow oc sheep) where there is a 
comjflete reduction to two toes aiMi a 
fu^oa ci the two nutapodials into the 



^c. 614. — Ounhrofs: MndUva 
ciftdA* liinlw* Caxpus (upp^r) 

U^^S^^S^)o{TrUemnod<magi^^^ a.f. 
astragfuar foxamen; €tst> astragalus; cal. 
calcaufittixi; cuboid; ce* ccntrale; cun, 

cun^form; c. i, 2, 3, ento*, meso; aad ecto- 
coneiionns; /ii. lunar; magnnwi; nav. 
navicalar; sc- scaphoki; trspasoid; <iff. 
tiapeatum: (Aftar Matdiew,) 
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characteristic 'cannoa bone' (Fig. 617). The bones of the carpus and tarsus, 
while retaining the characters of the interlocking type, are arranged to aOow 



Fto. 615.— Biaiwiia: OonratSMit adaptstioiw ia eaneri^ mawiiHih Two widrty unrdated 
groups — Hippomoroha and Litoptoma — illustrating a singte>toed trend in fore, and und-limbs. 
A, Meryekippus (Miocene horse), three-toed stages; B, Diadiaf^tam* (Mioeeiie-Plioeene Utop^wn). 
three-toed stages; C, Pliokip^ (Pliocene horse), singte toed stages; D, TJmdktrium (Miocene 
Uh^ytern), ^ngle-toed stages. (Redrawn after Matthew.) 

great flexion in the fore-and-aft direction, but little in the lateral. In maaxy 
aittodactyles some of the tarsalia are fused (Fig. 618), 

In bulky animals such as the elephants, Dinoeexata, the earpak and 
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tan^ beocone serially arranged with a great loss of flexibility, and the fiflgits, 
wlnle not reduced in number as a rule, are short and stout. Spedal hsfl>its, 
sudi as hopping (the kangaroos ; MacroscdUes among in* 
seetivoves ; Dipus and AUack^a among rodents (Fig. 619)) ; 
swimming («.g. the Cetacea, Sirenia, seals) ; flying {e.g. the \ [ 

bats and to some extent tibe parachuting kinds of mar- 
supials and rodents) ; digging (as in the moles and several 
oth«r forms) all produce more or less profound modifications 
in the limbs, hands, and feet. /lac. —f 

The generalised hand and foot has already been men- '' ^ 

tioned (see p. 100, Fig. 71). In the mammals the carpus ** 

contains three proximal bones; the scaphoid, lunar, and i j ’ T / ' 

cuneiform, to which is added on the outer side, the pisi- J \ f 

form, possibly a sesamoid, but equally possibly a true carpal j j \ 

element. The distal row. consists of four bones: the tra- I I \\ 

pezium, trapezoid, magnum, and unciform. The last named / j 1 \ 

is a fusion of the fourth and fifth original elements of this K J/ \ J 

row. In primitive mammals another bone is present, the 
centrals, which lies between the bones of the first and second 
rows. In reptiles there can be as many as three centralia. 
but in mammals there is never more than one, which may 
disappear either by fusion or loss. ^ 

The tarsus (Figs. 619, 623, 624) is usually rather more 
modified from the gene^ised pattern than is the carpus. 

There are only two proximal bones: the astragalus and J I 
calcaneum, uhich correspond to the lunar and cuneiform. f I 1 

The distal row is represented by the ecto-, meso-, and hyff I \ 

entocuneiforms, and the cuboid, which is formed by the fusion x ^ 

of the fourth and fifth cuneiforms and corresponds to the M s 

uncifonn of the hand. The centrale becomes a large and Vie, 616.— Osr. 
important bone, the navicular. aal*tam!£ 

The astragalus is also, in another sense, an important aa Eocmb 

^ * CfCOdOItt* ftSCTBi* 

bone, because its shape differs in the various orders, but gain*; o, *, *, ento., 

itsdf rnnains true to its particular type, subject only to 

differences in prc^rtion, however much the rest of the foot ”” 1^.^; 

may hpoome modified. It is therefore a very useful guide nMgnum'; nm. 

to the afimity of any form, e^)ecially in the case of certain 

extinct mammals. The astragalus consists of a proximal td. trapex^: tm. 

grooved surface, the trochlea (which articulates inoximally 

with rim til^ and fibula), a and a of varying riiape 

(whi^ articulates witb the navicular and sometimes with the mibmd as well). 

In mtu^ early fbnas an asiragalar foramen is present near the t^per header of 


* > 
\ la 


me 

Fie. 616.— Oar. 
olvm: Fannwie 
oaqwa sad taau. 

Me$imyXf an Eocene 
Creodont. thst. astra* 
gains; C‘, onto., 
meso-, and ectocunei- 
forms; cdl, calcane* 
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the trochlea. This foramen usually disappears in later mammals, but still 
occurs sporadically, as, for example, in Orycteropus (p. 804). 

The main mo^fications of the astragalus are as follows. In the Condy- 
larth-Creodont-Carnivore group the tibial trochlea is more or less grooved, 
obliquely pitched, with the inner (tibial) crest lower than the outer (hbular), 
or even absent ; the neck is distinct and the head convex. In the Insectivora 
the trochlea is broad and shallow, but with well-defined crests of equal height, 
the neck is oblique and oval in section, the head convex. The primate astra- 




Fig. 617. — 
Cerwm: Ibuilis. 
C. elaphus. Red 
Deer. #»•. m*. 
vestigial second 
and iilth meta- 
carpals; R, ra- 
dius. (After 
Flower.) 



Fig, 618. — C«r- 
vub: Tanms. Right, 
dorsal surface. a. 
astragalus; c. cal- 
caneum; cb, cuboid; 
c*. conjoined ecto- 
and meso-cuneiform; 
mlJJ, mlV, third 
and fourth metatar- 
sals; ft. navicular. 
(After Flower.) 




Fig. 6ig, — 
DIpwa: Fei. 
Jerboa. Let- 
tering as in 
Fig. 618. 



Fi c . 620. — 
Tapirua : Mamil. 
T.indicus. r. cunei- 
form; /. lunar; m, 
magnum; p, pisi- 
form; R. radius; 
5. scaphoid; id, 
trapezoid; im, tra- 
pezium; L^ ulna; 
ft. unciform. (After 
Flower.) 


gains has a concavo-convex trochlear surfoce, broado: at the neck end than 
above, a somewhat oblique neck and a ccmvex head. In the rodents the 
general appearance is like that of the insectivores, except that the troddea 
extends backwards to the posterior margin of the bone. In the Perissodactyla 
the trochlea is deeply grooved and oblique, the neck short, and the hi^ 
flattened. In the earlier forms there is a vmy small astiagalo^ubcad la^. 
In more advanced forms, espedally in the ihinoonoses and titanotheres, this 
becomes larger, thoi^ never to the extent that it does in the hig^y dtarac- 
teiistic artiodactjde astragalus. Here the tioddea is deqdy grooved hi a 
draight 1 ^ with the head and neck, with wdt-mailEed faods for both the 
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cuboid and navicular. In this type also the sustenacular facet <m the 
aspect (which articulates with the calcaneum) is a sin|^e laiige and surface 
instead of being divided, as in other astragali. 

Other bones of the carpus and tarsus have their distinguidiing diaracto'- 
istics, if rather less obvious than those of the astragalus, as, for example, 
the artiodactyle cuboid, whidi shows a constant difference from the cuboid of 
all other mammals in having a facet on its outer border for the 



Fig. 621. — 
EquuH : Manat. 
Horse, c, cunei- 
form; /. lunar; 
m. magnum; p. 
pisiform; R. 
radius; 5. sca- 
phoid ; td, trape- 
zoid; u. unci- 
fonn; II, IV, 
vestigial second 
and fourth meta- 
carpals. (After 
Flower.) 



Fig. 622. — 
Manns. Pig. 
c. cuneiform; /. 
lunar; m. mag- 
num; R, radius; 
$. scaphoid; id, 
trapezoid; U. 
ulna; u. unci- 
form. (After 
Flower.) 



Fig. 623. — Equuss 
Tanros. Horse. Right, 
a. astragalus; c, calca- 
neum; cb. cuboid; c, 
united meso- and ento- 
cuneiform; c*. ecto-cunei- 
form; n. navicular; mil, 
IV, vestigial second and 
fourth metatarsals; III, 
third metatarsal. (After 
Flower.) 



Fig. 624.>^8um: 
tarsus. Pig. Right. 
a. astragalus; c, 
calcaneum ; cb, cu- 
boid; tf*. ecto-cu- 
neiform; c*. meso- 
cuneiform; mll^ 
V, metatarsals; n. 
navicular. (After 
Flower.) 


The external form of the limbs and the mode of articulation of the bones 
vary in the different orders of the Mammalia, in accordance with the mode of 
locomotion. In most the habitual attitude is that which is termed the quad- 
rupedal wherein the body is supported in a horizontal position by all four limbs. 
In quadrupedal mamm als the manus and pes sometimes rest on the ventral 
surfaces of the entire metacarpal and metatarsal regions as well as on the 
phalanges (when the limbs are said to be plantigrade ) ; or on the ventral 
surfaces ci the ph alang es only (d^Hgrade ) ; or on the hoofs developed on the 
terminal phalang es {unguligrade). Many of the quadrupeds have the ex- 
tremities prehensfle wiUi the manus and pes converted into grasi^ng organs. 



862 


ZOOLOGY 


This is most marked in quadrupeds that pass the greater part of their Hfe asumg 
the branches of trees. In the sloths the modification goes so far that both 
and feet are converted into mere hooks by means of which the animal 
suspends itself body downwards from the luranches of trees (Fig. 539, p. 568). 

Certain maTwnnals , again, have ^eir limbs modified for locomotion through 
the air. The only truly flying mammals are bats, in whidi the digits of the 
fore-limb are greatly extended so as to support a wide ddicate ftfid of skin 
constituting the wing. In the so-called 'flying’ squirrels and 'flying' 
phalangers and other gliders there is no active flight, and the limbs undergo no 
special modification. The 'flying' organ in these cases is merely a parachute 
or patagjium in the form of lateral flaps of skin extending along the sides of the 
body between the fore- and hind-limbs (Fig. 498, p. 717; Fig. 528, p. 7L). 

Finally, there are several groups of swimming mammals. Most maj^als, 
without any special modification of the limbs, are able to swim, and some pf the 
quadrupeds, such as the tapirs and hippopotamuses, spend a great part of their 
life in the water. But there are certain mammals in which the limbii are 
specially modified to assume the form of flippers or swimming paddles and 
for these locomotion on land becomes almost, sometimes quite, impossible. 
Such are the whales and porpoises, the dugongs and manatees, and, in a less 
degree, the seals and walruses (Fig. 554, p. 780; Fig. 594, p. 821). 

Alimentary Canal and Assodated Structures . — Teeth are present in nearly all 
m^ii ynTnaig ^ but in somc they do not occur in the adult condition (whalebone 
whales, Ornithorhynchus). In Tachyglossus teeth are absent throughout life. 
In some of the ant-eaters teeth are developed in the foetus and are discarded 
in utero — ^the adult animal being devoid of them (p. 871). 

Teeth, already described in the general account of the Craniata (p. X03), 
are developed partly from the epidermis and partly from the underlying dermis. 
In the m ammals each tooth is lodged in a socket (alveolus) in the jaw. The 
part of the tooth developed from the epidermis is the enamel. The remainder 
of the tooth— dentine, cement, and pulp— is formed from the subjacent meso- 
dermal tissue (Fig. 625). 

Along the oral surface of the jaw is formed a ridge-like ingrowth of the 
ectoderm — ^the dental lamina — and from it a bud is given off in the position 
to be occupied by each of the teeth. This bud becomes constricted off as a 
conical cap of cells — ^the enamel-organ — which remains in continuity with the 
dental lamina by a narrow isthmus. The cap-like form of the enamel-oigan 
is brought about by its growth over a concentration of deniud tissw — ^the 
dental papiUa. The dental papilla has a lidi blood seq^y. On the surface 
of this papilla, in contact with the enamd-oigan, a layer of odUb (oi^UoMasts) 
becomes arranged rather like an epithelium. This Jaya* of odcmtohlasts is 
the dentine-forming layer. The cells of tire enamdl-mgan which are in contact 
with the dental papilla become long and cylindrical to Iona This 
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predentine and enamel matrix calcify to form the dentine and enamel. Addi- 
tional layers are added until the crown of the tooth is complete. The enamel 
organ then degenerates, but the dental papilla remains as the pulp of the fully- 
developed tooth. Roots are formed, and the crown of the tooth then erupts 
into the mouth cavity. The roots of the teeth consist of dentine over which a 
layer of cement is deposited. This is formed by the cells of the dental follicle. 
There is no enamel on the roots. (In some mammals cement is also formed 
on the surface of the enamel on the crown, e.g. modem horses, rabbits, some 
rodents, some artiodactyles, and the elephants.) In mammals the roots of the 
teeth generally open at their bases by small foramina through which nerves 


•1 4* 



die 



Fig. 626. — Canis: Daoi- 
duous and permanent denti- 
tion. Upper (/) and lower (//) 
jaws of dog, with the symbols 
by which the different teeth — 
incisors, canines, premolars 
and molars — are commonly 
designated. Tlie prefix *d\ 
or sometimes *fn\ indicates 
deciduous or milk teeth. 
(After Flower and Lydekker.) 


and blood vessels enter the pulp. However, in the teeth of some (e.g. the 
molar teeth of modem horses and elephants) the formation of roots is delayed, 
and the enamel organ which persists aroimd the sides and within the folds 
of the crown continues to add to its height long after the tooth has erupted 
and Come into use. In other mammalian teeth {e,g. the incisors of rodents 
and elephants, and all the teeth of rabbits) roots are never formed and the 
crowns of the teeth continue to grow throughout life. Such teeth are said to 
have ‘persistent pulps’. 

Usually mammals have two distinct sets of teeth developed, the deciduous 
(milk) and permanent dentitions (Fig. 626). Sometimes there is only oiie set 
present. Accordingly diphyodont and numophyodorU dentitions are distin- 
guished. In nearly aU of the latter, however, anotter set is ^veloped, though 
tile teeth early become absorbed or remaun as fonctionless vestiges. • TTie 
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milk-teeth in mammals with typical diphyodont dentition sometilnm dis- 
appear at an early stage {e.g. seals), and stanetimes persist and do not becrane 
replaced by the permanent teeth till long after birth (e.g. Man). Some 
mammals have the teeth indefinite in number, e.g. the dolphins and por- 
p<^s. Such teeth are all uniform in appearance {homodont) (Fig. 627) and 
not (hvided into functional varieties (Fig. 628). Where they are divided into 
functional varieties they are said to be heta^odorU. 


Fig. 627. — Lagtenorhyneh^ta: 
Homodont dentition. Adaptation 
in dolphins to fishing. (After Flower 
and Lydekker.) 


In the t3q)ical eutherian dentition there are forty-four teeth, viz. three 
incisors on each side, one canine, four premolars and three molars both above 
and below. The upper incisors (Fig. 626) are lodged in the premaxillae. The 
lower incisors are placed opposite. The upper canine is the most anterior 
tooth of the maxilla, situated on or immediately behind the premaxillo* 
maxillary suture and has usually a characteristic shap>e. The lower canine 
bites in front of the upper. The premolars are distinguished from the molars 
by having milk predecessors. The molars have no teeth preceding them, and 
are sometimes looked upon as persistent teeth of the first set. As a rule in 

heterodont dentitions the incisors have 
cutting edges, the canines are pointed 
and conical, the premolars and molars 
have broad surfaces with ridges and 
tubercles for crushing the food, and 
may have from two to four roots. 

The crown surface of the molar 
teeth of mammals shows a wide range 
of pattern which, used with caution and 
due regard to the possibility of con- 
vergence, is of great use in classification. With very few exceptions these 
patterns can be expressed as modifications of a relatively simple type, and this 
type itself can be explained as a modification of a simple ancestral reptilian 
cone. This basal type of mammalian molar pattern is termed the tritubercular^ 
with respect to the upper molar and trituberculo^sectorial with respect to the 
lower. The theory of its origin, due originally to Cope, and subsequently 
adided to and amended by Osborn, is known universally as the Cope^shorn 
theory of trUubercMly. The theory in its modified form will be mote easily 
understood if a brief and condensed history of its origin is first given. 

VOLrXI. H3 



Fig. 628 . — Peranieleas Dentition. Mar- 
supial bandicoot, (.\fter Owen.) 
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Cope saw that the molar teeth of the earliest eutherian mammals ccmmumly 
possessed a triangular crown with three main cusps, and that latw Icmns 
tended to have molars with from four to six cusps. These he regarded as 
derived from the earlier triangular type. Osborn gready devdoped this 
hypothesis and, on the assumption that the principal cusps are homologous 
throughout the Mammalia, gave them names that have been in universal use 

COPE- OSBORN ^ GREGORY 




Ustacons— 
P08T£Ri0R Hetaconuts- 
HypocoM^ 

Entocoiifd - 
Hypoconuiid' 
Entooottulid^ 



BUCCAL 


•Paraeotm 

Protoeonuls ANTERIOR 
Protoeons 

^.^•^ProUcontd 

>4 Paraconid 

M staoottid 


FkG. 629 *— Mammalia: Den- 
tition. Diagram comparing the 
original Cope-Osbom theory of 
the tri tubercular ori^n of molar 
teeth with its modification by 
Gregory. At the top the two 
black cimles represent an upper 
and lower reptilian cone as the 
starting point. The black 
circles in the other teeth r^re* 
sent the protocone of the upper 
and protoconid of the lower 
tooth, respectively. 


ever since. Osborn's view as to the method of origin of the indivklual cusps, 
whidi has since been modified in some important respects, was as fdlows 
(Fig. 627). Starting with a simple reptilian ooiM, this was assumed to have 
elongated in an antero-posterior direction and two subsidiary ooctes to have 
arisen one on the front and one on the hip<^ border, thus producing a tnconodont 
troth. These two cusi» were then supposed to have rotated in <q)posite 
directiros in the upper and lower jaws to form triaflgnlar or iriiMmuUtr hseth. 
The apex of the triangle, or tr^on, points inwards in tise uppo’ tooth and out- 
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waids Bi Hus loww. The cusp at the apex of the triangle, beii^ supposed to 
reinresait the <»iguial reptilian c<me, was named the protocone in the noper and 
^otocofMd in the lower tooth » 

At a very early stage criticism was directed against the view that the proto- 
cone of the m a mm ^ i an tritubercular tooth represents the original reptilian 
cone largely because in ontogeny it is not the first cusp to be formed, nor is 
thw any known evidence to support the hypothesis of the rotation of the sub- 
sidiary cu^ss to fmrm the triangles. Within the premolar series, and s till more 
in their deciduous predecessors, there is usually a transition from behind 
forwards from a tooth that resembles a molar in many respects to one that is 
more like a canine or an incisor. If the single cusp of the ranini. is traced 
backwards through the successive teeth, it is seen to correspond to the para- 
cone of the molar, and not to the protocone. This is the essence of the 'pre- 
molar analogy' theory. The protocone of the molar is represented on the 
more anterior teeth as an inner shelf at the base, or is even completely absent, 
and it was therefore thought probable that this cusp is secondary in origin 
to the paracone, a statement which is consistent with the embryological 
evidence. Further evidence for the same theory is found in the fact, that in 
some groups the premolars evolve from simple peg-like teeth to a molariform 
condition. This process is called the molarisation of the premolars. Fmrther, 
in this evolution the original cusp becomes the paracone of the molar rather 
than the protocone. 

Further study of the dentitions of Mesozoic mammals has led to modi- 
fications of Osborn’s theory. It is widely held that, whereas in the lower 
molar the protoconid does represent the tip of the originally simple reptilian 
tooth, this is not true of the protocone of the upper molar. According to some 
investigators the original upper molar cusp was the paracone, but others think 
it was an ‘ amphicone ’, which split to form the paracone and metacone. How- 
ever, the names which Osborn gave to the cusps have become so widely applied 
to Cenozoic mammals that it is generally agreed to continue to call the lingual 
cusp of the tritubercular tooth the protocone, even though it may not have 
arisen as Osborn supposed. 

In many early forms of tritubercular teeth, in Cretaceous and Palseocene 
mammals, the paracone and metacone were far removed from the buccal edge 
of the crown, which was occupied by a wide shelf bearing a number of styles. 
This t3rpe of upper mr^ar, which is retained by the living opossums, may be 


* Tl>* toffix -id deaigiutUx • cusp on flie lower molar. Of the other two cum the 
extertal wss named the paraeotm and the postero-extemal the mttactme. A fon^ cusp anamg 
later on the ciagnlum on the poetero-intemal aide, termed tto hypoeone, peoduw a Uuad^ 
tubercular tooth, and by the evtdution of two smaller intermediate cu^>s, an anterior, the pmwe- 
cottwCr, and a porter i or, U»e tMtacamthf, tiie six cu^ed tooth, whidi underlies the molar ytwn of 
so many tnanTmaU comcs into being. like the upper, the lower molar consists of a tnan^, or 
irigOMt/ and in addition a poaterior rtieif, U»e fafo»iid,onwhk*anuii*er of cuqpeam to produce 

the triti^efeuto-sectorialpatteni, termed the extoeomd. Ayi^oeoiiaKd, and 
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rflilwH pretrituherctdar. It is not very different from the dUatubdodoftt teeth 
of Soricoidea and Tupaia. It is pro^Ue that the more typical trituboxailaT 
tooth has evolved from the pretritubercular condition by reduction erf the 
buccal shelf to a cingulum, so that the paracone and metacone come to stand 
near to the buccal edge of the tooth. At the same time the protocone enlarged. 
On the other hand, in the zalambdofU teeth of some Lipot3^hla and the mar- 
supial mole (p. 714), the protocone was reduced and the paracone was displaced 
towards the lingual side, so that in extreme cases it occupies the position taken 
by the protocone in tritubercular teeth. The upper molars of Dryolestoidea 
appear to resemble those of zalambdodont Lipot}rphla, but this resemblance 
is almost certainly secondary.^ , 

It is certain that, in whatever manner the tritubercular tooth ms^ have 
arisen, the subsequent sexi-tubercular tooth has been derived from it. YThis is 
borne out by an enormous amount of direct fossil evidence, and it is possible 
to show that such diverse tooth-pattems as that of an artiodactyle, a perisso- 
dactyle, or a carnivore can be derived from the tritubercular type. 

Further terms are in use to designate different parts of a tooth. If the cusps 
remain separate and rounded, the tooth is termed bttnoid, if they join to form 
ridges, these ridges are termed lophs, and the tooth is hphodont. A tooth with 
crescentic cusps is selenodont. Any tooth may have a combination of these 
characters, in which case it is called buno-lophodont, btino-selendont, etc. 
Additional pillars such as can be seen in the molar of a horse, or on the outer 
border or ectoloph of many teeth, are called styles — e.g. the proto-, meso-, and 
meta^yle, etc. A tooth with a low crown is termed brachydonl, and with a high 
crown and deep socket termed hypsodont. 

As already stated, the crown pattern of the teeth of mammals is largely 
used as a guide to their affinities. Generally speaking, it is a fairly dependable 
one, and starting from the more primitive and generalised forms of dentition, 
such as is shown by the early insectivores, creodonts, and condylarths, the 
major groups of mammals usually have trends of evolution on their own 
recognisable lines. Thus, for example, the Carnivora, the Artiodactyla, and 
Perissodactyla have all ultimately acquired dental patterns which are suffici- 
ently distinctive. Other groups, such as the Proboscidea, Cetacea, and 
Xenarthra, have pattems-that are both distinctive_and diagnostic. At the 
same time exceptions occur, due presumably to some unusual and specialised 
kind of food, such as in Proteles (an insect- and worm-eating h3r8ena), or Poios 
(a fruit-eating procyonid), both of which animals have their dentition modified 
away from the usual carnivore type. These two are examples of a dentition 
that has degenerated, but there are many instances of tooth resemblance, more 
or less close, among unrelated animals due to convergence, the resifft trf similar 

* For « disci^on of thisquostion, and a full account of ttie history of the tritubercular theory, 
see Gregory, and for details of ihe Mesozoic forms, both Kmpsoii and Butler. 
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feeding habits. Tlius a permanently growii^ gnawing incisor is not abscdntefy 
diagnostic (rf a rodent, but can be found in the {nrimate, Ckiromys ^DaubeitioHM) 
(p- 737) « ^ Ttllotherium and even in the artiodactyle Myoin^us. A 1 ^o> 
phodont form of molar tooth occurs in many diverse orders of mammals. 
The difficulty of assessing the true affinity of some mammals on the evidence of 
their teeth alone increases when the eariier and more primitive forms ate con- 
sidered : and to decide whether a Palseocene or an Eocene tooth is to be 
ascribed to an insectivore, a primate, a condylarth or a creodont is difficult, 
and sometimes impossible. Precaution therefore must be taken against 
regarding as evidence of affinity a similarity of pattern, which may be the result 
of convergence due to a similarity of habit. 

A comparison of the wide adaptive radiation of the teeth of the marsupials 
into insectivorous, carnivorous, rodent, and herbivorous types of dentition 
with that obtaining in placental mammals of corresponding habits is 
instructive. 


The number of the various sets of teeth in 
the jaws is conveniently expressed by a 
dental formula, in which the kind of tooth 
(incisor, canine, premolar, molar) is indicated 
by the initial letter (t-, c., p., m.), and the 
whole formula has the arrangement of four 
vulgar fractions, in each of which the 
numerator indicates the teeth of the upper, 
the denominator those of the lower jaw. 
Thus : 


id, c. = 44 ] 

3-3’ i-i’^ 4-4* 3*3 

or, in a simpler form, since the teeth of the 
right and left sides are always munerically 
similar, 

.3 1,4 3 



Fig. 630. — PhascalareUMt: fflmlL 
Koala, in front view, illustrating 
diprotodont and herbivorous denti* 
tion. (After Flower.) 


Tachyglossus has no teeth at any stage. In Orniihorhywihus ridged teeth 
are present in the young and are functional for a time, but they are replaced by 
bro^ homy plates formed essentially by a down-growth of epidermis. One 
of these occurs on each upper, and one on each lower, jaw (Fig. 481, p. 695). 

In marsuinals the milk-dmtition remains in a degenerate condition. With 
the exception of one (the last premolar) the milk teeth remain in an imperfect 
state of devdk^ment, though they peisist, as functionless vesti^, to a com- 
parativdy late stage. 

In the adult marsupiad dentition the number of upper and Iowa- incisors 
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is always dissimilar, except in PhascoUmys. With regard to the amagement 
of these teeth, the order falls into two series, termed respectivdy dtpretoiont 
and polyprcdodont. In the former (Figs. 630, 631) the two anterior indsms are 
large and prominent, the rest of the incisors and the canines being smdSer or 
absent. In the latter (Figs. 632, 633), the indsors are numerous and suhnsqual 
and the canines large. There are typically three premolars and four molars. 



Fig. 633. — SareophibiM: SkoU. 
Tasmanian Devil, in front view, 
illustrating polyprotodont and cami- 
voious dentition. (After Flower.) 



A good example of the diprotodont arrangement is the kangaroo [Maeropus, 
Fig. 631), which has the dental formula — 


* I* o’ ** 2' 4 — 


The canine is very small and lost early. Of the polyprotodont forms the 
Australian Da^urm (Fig. 495, p. 7x3) has the formula— 




4 *: 


and the American opossums {Diddpkys) (F^ 633^ 


^ J 
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The Xenerthia, tboo^ not any means aU toothtess, always have -s w i y* 
peciiliarilyofdentithm. When teeth aie present in the adult the anterior soles 
is absent and the teeth are imperfect, wanting roots and dew^ ol •«»««« 
The tooth-c har ac t ers difier widely in the different groups. In the sloths tiiero 
are five teeth above and four below on each side ; no second series is known. 
In the American ant-eaters there are no teeth in the adult. In the armadillos, 
on the other hand, the teeth are numerous, thou^ simple and rootless, and, in 
one genus at least, two series occur. The scaly ant-eaters (Fholidota) lade 
teeth. In the Tubulidentata (aardvark) (Fig. 634) again, there are five teeth 
on eadi side which arc heterodont and diphyodont, and of peculiar structure, 
being perforated by numerous minute, parallel, vertical canals. The pulp of 


F1G.633.— JHdeljiaes: Dantttien. Upper 
jaw of opossum (D. marsupialis), showing the 
conditton typical of manupials, in all of which 
there is no succession except In the last pre- 
molar» the place of which Is occupied in the 
young animal by a molariform tooth repre- 
sented in the figure below the line of the other 
teeth. (After Flower and Lydekker.) 


Fic. 634. — Orifeteropus: Ban- 
tilioiL Section of lower jaw and 
teeth of Aardvark. (After Owen.) 




each tooth, entire at its base, is divided distally into a number of parallel 
columns. 

In the Mesaxonia the dentition is heterodont and diphyodont, and the 
teeth arc very rarely devoid of roots. In the Artiodactyla the premolais and 
molars differ fnmi one another in pattern; the first upper premolar is almost 
always without a milk predecessor. The Suidse (Fig. 635) arc among the very 
few recent Tnammala which possess the primitive and typical dentition, the 
formula oi sriiidi is — 




«. |« 44 . 


The ii|qier Hicisf^ ere vertical^ the lower greatly indined forwards. The 
canines are greatly developed^ especially in the male, and grow from persistent 
pulps ; hoth the upper and lower are bent upwards and outwards and work 
against one another in sudi a mant^ that the upper wears on its anterior and 
extenu^ sot&ice, the lower at the extremity of the posterior surface. The 
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pmnolars are compressed, with longitudinal catting edges, and the nu^ms are 
provided with numerous tubercles or cusps arranged for the most part in 
transverse rows (bunodont type). The tot permanent prmnolar has no 
predecessor, the formula of the milk dentition being — 

». c. ?, w. I = 28. 

313 

In the typical ruminants there are no teeth on the premaxillae, the lower 
incisors and canines, which resemble them in shape, biting against a thickened 
callous pad on the opposed surface of the upper jaw. The upper canines are 
also usually absent. There are three premolars and three molars in both upper 
and lower series, ail chauacterised by the presence of column-like vertidpl folds 



Fig. 635. — Stu: DentitiOB. The 
slashing canines of the boar possess 
persistent pulps. The Melanesians of 
the New Hebrides knock out the 
upper canine, thus allowing the lower 
ones to grow circularly without inter* 
niption. After about eight years the 
lower tusk may re-enter the jaw near 
its own socket or it may avoid the 
bone and form a full circle or' more. 
(After Flower and Lydckker.) 


of enamel. The interstices between these may be filled up with cement — the 
worn surfaice of the tooth presents a pattern of the selenodont type. In the 
caunels there are a pair of upper incisors and a pair of large canines in each jaw. 

In the Perissodactyla the molars and premolars form a continuous series 
of large teeth with ridged or comple.xly-folded crowns, the posterior premolars 
often differing little in size and structure from the molars. In the horse (Fig. 
636) the formula is — ~ 



P- 2' I = 44. 


but the tot premdar is a small tooth which is soon lost. A fold of the enamel 
dips downwards (*.e. towards the root) from the octranity of the incisor teeth 
Hke the partly inverted finger of a glove ; the canines are small in the female, 
and may not appear on the surface. There is a wide interval in both jaws 
between the canines and {n^molars. The {wonolaT and molar teeth presoit a 
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coo^^c&tod pattern due to fcdds of the enamd, 'uddch differ in their nrrang»»- 
ment m the tq)per and lower jaws ; their roots become comjdeted mdy at a late 
period. 

In the Hyracmdea the dental formula is— 


t. 



0^4 3 

3. 


The up^ indsore are riot unUke the larger pair of the rabbit in shape, though 
prismatic and pointed, instead of compressed and chisel-like ; they grow from 
persistent pulps. The lower incisors are elongated, inclined forwards, and tri- 
lobed at the extremities. The premolars and molars form a continuous series, 


Fig. 636 . — Eqmtmt Sknllsad 
teeth. Side view in Hone with 
the bone removed to expose the 
whole of the teeth, c. canine; 
Fr, frontal; t*. i*. t*. incison; 
L, lachrymal; Ma, jugal; Mx, 
maxilla; m*. in*, molars; Na. 
nasal; ox, occipital condyle; Pa, 
pariei^; p,m.^, situation of the 
vestigial first premolar, which has 
been lost in the lower, but is present 
in the upper jaw; pin*, pm*, pm^, 
remaining premolars; Pmx, pre- 
maxilla; p, p, par-occipital pro- 
cess; Sq, squamosal. (After 
Flower and Lydekker.) 





separated by an interval from the incisors, and in pattern closely resemble those 
of some of the Perissodactyla. 

The elephants (Fig. 584, p. 812) have extremely specialised teeth. There 
are no canines and no lower incisors. The single pair of upper incisors are 
developed into the enormous tusks (Fig. 588, p. 8x6), whidi grow continuoudy 
from persistent pulps throughout the life of the animal ; they are of elongated 
conical form, and usually become curved. The tusks are composed of solid 
dentine. Enamel occurs on the apices only, and is early worn away. The 
molars (Fig.^ 590) are very large, and their worn surfaces are marked with 
pr om inent transverse ridges. There are ^ molars altogether on each side, but 
only one mr two are functional at once, the mrue posterior moving forward 
and taking the place of the more anterior as these become worn out and shed. 

When teeth am devdoped in the Cetacea they are nearly always numerous, 
homodont, and mon{qih}n)dont. In Hie sperm-whales they are confined to the 
Iowa: iaw. In the whaldbcme-whales, though teeth are developed in the foetal 
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(Fig. 637), they become lost either before or soon aft^ Inrth, and are 
succeeded in the adult by the triangular plates of baleen or whaldx>ne (Fig. 
5581 P- 785) > which hang vertically downwards from the palate. 

Of the Sirenia, the dugongs and manatees have a heterodont dentition ; in 
Hydrodanudis (Dugongidae) teeth were absent. In the two former sirenians 
there are incisors and molars with a wide diastema beween them. In the 
manatees there are two rudimentary incisors on each side, in both upper and 
lower jaw. These disappear before adulthood. There are altogether eleven 
molars on each side above and below, but not more than six of these are in 
use at once, the more anterior when worn out being succeeded by the more 
posterior,' They have enamelled crowns with transverse ridges, and ape pre- 
ceded by milk-teeth. In the dugongs there are no mandibular incisora in the 
adult, and only one tusk-like mandibular pair. These are large in the male 
(in which they grow from persistent pulps) and but little developed in thef^ale, 
remaining concealed in their sockets. In the young there are rudimentary 
mandibular incisors, and also a rudimentary second pair in the maxillae. 



Fig. 637. — BoUenoptmm: 
Foatal jaw and teeth. Right 
Whale. Inner Aspect of left 
jaw. Natural size. (After 
Julin.) 


There are either five or six molars on each side, both above and below. These 
aure cylindrical teeth devoid of enamel, and with persistent pulps. 

In the Fissipedia (Fig. 565) the dentition is complete, heterodont, and 
dij^yodont, amd all the teeth aure provided with roots. The incisors au-e 
relatively small, chisel-shaped teeth. There are nearly adv/a}^ three of them 
on eaudi side in both jaws. The canines are atlways large and pointed. The 
presence of camassials, consisting of the last premolar in the upper and the 
first molar in the lower jaw, is chauucteristic. In front of the caumssial the 
teeth are compressed amd pointed; bdiind it they have broaul surfaces. In 
the cat family (Felidae) the formula is — 



The lower caumassial is thus the last of the series. In the dogs (Canidae) the 
formula is usually — 

and in tiie bears (Ursidae) it is the same. (For ttie pattern of the molar teeth 
sde F%. 566, p. 794,) 
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In the Pinnipedia there are alwa}^ fewer than ^ mdsors, and ramasjrfftla 

are not developed. The premolars and molars have a compressed, conical, 
pointed form. The prevailing dental formula of the seals is*— 

*• i' 4' »«-| = 34 . 

In the Walrus the adult formula is — 



The upper canines take the form of large, nearly straight tusks. 

In the large order of the rodents the dentition is remarkably uniform, atn^^ 
in all its general characters, resembles what has adready been described in the 
Rabbit (Lagomorpha) except that in the lagomorphs a second, smaller pair 
of incisors is present in the upper jaw. The number of premolars and molars 
varies in rodents from — 


m. I 

and they may develop roots. 

In the two 'insectivoran’ orders (see p. 725) the dentition is heterodont, 
complete, and diphyodont. All the teeth are rooted. There are never fewer 
than two incisors on either side of the lower jaw. The canines are not of large 
size. The crowns of the molars are beset with pointed tubercules. 

In the Chiroptera (bats) the dentition is cmnplete, and the teeth are all 
rooted. There is a milk-series which, if not resorbed, differs entirely from the 
permanent teeth (see p. 756). In the insectivorous Chiroptera the molars are 
provided with pointed cusps, while in frugivorous forms (e.g. 'flying foxes', 
Pteropus) they are longitudinally grooved or excavated. 

In the Primates the teeth are heterodont and diphyodont, and alwa3'5, 
with the exception of DaubetUonia (p, 737), with roots. (In Daubentonia the 
incisors are persistently growing.) There are almost invariably two incisors on 
each side of the jaws, and, in all but the marmosets, three molars. The denti- 
tion of Man differs from that of the rest of the order in the teeth forming a 
continuous series not interrupted by a diastoua, and in the conq>aratively sma l l 
size of the canines (F^. 523, p. 746). 

The mou^ in mammals is l^unded by fleshy Ups. On the Aoot ^ 
mouth is situated the totigue, which is usually w^ devdoped, but varies La mse 
and shape in different o rders. In some herbivonms a nimato it can be cmrled 
around grass and thus hdps pifll the ‘feed* into the mouth. Its surface is 
covered ^thjpapillse of different lands. These are sometimes hmuy, serving 
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either the initial grinding of food, or for the toilet of the hairy coat. Thus the 
tongue- and lip-margins in many mammals are equipped vdth rdsed processes 
which can be moved up and down along the interspaces of the teetii {and on 
the surfaces of the teeth) in cleansiaag^ action. In association with the papilla 
of the tongue are special end organs of taste (‘taste buds') which are often 
arranged in zones. The sense of taste differs profoundly among various 
groups. The roof of the mouth is formed in front by the hard palate, consisting 
of the horizontal palatine plates of the maxillary and palatine bones covered 
with mucous membrane bearing palatal rugee. Behind the hard palate there 
projects backwards the soft muscular fold of^t^ soft palate which dmdes the 
cavity of the pharynx into two chambers, an upper and a lower. In some 
forms the soft palate also bears taste buds. In the Primates a free-«anging 
nvula occurs. During deglutition or swallowing both uvula and soft paoate arc 
raised to close off the nasopharynx and prevent the entrance of food mereto. 
In front of the opening, leading from the lower division of the pharyi^ intc 
the larynx, is a cartilaginous plate {epiglottis) a primitive form of which i^ 
found in certain lower vertebrates (see p. 362). The epiglottis, anatomically 
part of the larynx, assists the reflex swallowing mechanism by preventing the 
food from entering the trachea and so causing aspiration pneumonia. 

It will be recalled that various prominent structures in the oral and pharyn 
geal region are in part derived from the gill-pouches of ancestral vertehrate; 
(Fig. 73, p. X06). Thus, the tympanum, middle ear, and Eustachian tube art 
all partly derived from the first pharyngeal pouch. Again, connective tissue 
around the regressing second pharyngeal pouch becomes infiltrated by 
lymphoid material which comes to constitute the palatine {faudal) tonsil 
Adjacent and above, the small supratomiUar fossa is a permanent remnant oi 
the originally extensive second pouch. (The lingual, and pharyngeal tonsil; 
(’adenoids’), are separate and unassodated with gill-clefts.) The thyroid ant 
parathyroids (p. 152), as well as the thymus (Fig. 638), are also essentially 
phatryngeal pouch derivatives. 

The eesophagus is always a simple, straight tube doum which the food i; 
propelled by peristaltic contractions of the muscular walls, which, like the act oi 
d^iutition, are reflex and involuntary. The opposite action, retroperistalsis. 
enables ruminants to regurgitate stomach contents %r more leisurdy mastica- 
tion (see- below), and many other mumals to expel injurious substamces acci- 
dentally swallowed. Highly-trained showmoi can ccmtrol the normally in- 
vduntary deglutition reflex and make a living as sword-swallow<»s : actually 
they are non-swallowers, for if they allowed the swallow reflex to operate they 
would wound their throats internally. Rdiroperistalsis in Han is sometimes 
used by 'spiritualist' fakers to regurgitate m dimly Et MSaoes *ecfcD|flasm’, 
ije. previously-swallowed filmy doth, or other mstttial. 

The stomocA varies greatly in different manunalhui mders. In the majority 
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of is ax^tivdy simple sac, asm the rabbit (p. 669). Butin certain 

groups it is complicated by the develojunent of internal folds, and may be 
divided by constricti^ into several functionally difieient duunbers. Such 
com^cation reaches its extreme in the Ruminantia especially, in the Tylopoda 
(but not Suiformes) and Ce^. in a typical ruminant (Fig. 639) such as 
she^ ox, the stomach is divided into four chambers — ^the runten (or ptuMch), 
the fdiCMfwm, the psaUenutn, and the abomasum (or rennet Womack). The 
epithelium of both reticulum is highly reminiscent of that of the oesophagus. 

The oesoidiagus opms into the rumen close to its junction with the reticu- 
lum. The rumen is mudi larger than the rest. Its mucous membrane is 
beset with numerous short viUi. The reticulum, which is much smaller than 


mylohjfM 

immd9 


iiNise/B 
(BfitBiJor My) 


thyroid glond 
eommoo corotid 


thymta 



iubmMlary 

glond 


larynjr 

vagus narva 
trachta 

hmg (loft) 


Fic. 638, — ^Primatai: Pluonicttl region. Relationships and some certain gill-pouch deriva- 
tives (see also Fig. 73). Modified from Patten, after Bien. 


the rumen, has its mucous membrane raised up into a number of anastomosing 
ridges. This gives its wall the appearance of a honeycomb with shallow 
cells. From the aperture between reticulum and rumen to that by which it 
communicates with the psalterium there runs a groove bounded by a pair of 
muscular ridges. These are capable of closing together in such a way as to 
convert the groove into a canal. The mucous membrane of the psalterium 
is raised up into numerous longitudinal leaf-like folds. The abomasum, 
smaller than the rumen, but larger than the reticulum, has a smooth vascular 
mid glandular mucous membrane. The ruminant swallows herbage without 
mastication. Ihe habit oiaUes timid holuvores to snatch and swallow at 
intervids food that can be digested later in safer circumstances. It has arisen, 
^ith convnig^t iyecialisations, in the gazing Quokka WaRaby (Fig. 640). 
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In ruminants the food is swallowed, saturated by copious salivation and 
passes into the rumen and reticulum, where it lies until, having finished feeding, 
the animal begins ruminating or chewing the cud. In this process the sodden 



Fig. 639.— Rominatioii and digiftioii. Oompaiiioa between mminant (Boa) and non-niniinant 
iSug) tract!. Above: Cow: Arrowed lines trace the course of foodstuffs in regurgitation (by 
retroperistalsis, broken line) and subsequently down through the four compartments. Rumen 
and recticulum are connected by a wide aperture and together they constitute a fermentation 
chamber with a capacity of some 40 gallons. Here micro-organisms split cellulose and sugars to 
utilisable fatty acids (absorbed through walls of rumen) as well as carbon dioxide and methane 
(discharged by belching). Bacteria and protozoa in the rumen also synthesise amino-acids, 
proteins and vitamins of the B. complex. This material is pushed peristaltically in a semi-fluid 
mass into the osmasum. Here fluid is extracted, and the food passes into the abomasum where 
characteristic gastric digestion occurs. An oesophageal groove (not shown) runs from the cardia 
to the reticulo-omasal oriflee and permits the by-pass of milk in young ruminants. The omasum 
is also called the psalterium or manyplies. Below: Comparison of structure, mass and position 
of gastric apparatus in pig and cow. (Redrawn after various authors.) 


food is returned in rounded boluses from the rumen to the mouth. It now 
undergoes mastication. When fully masticated it is swallowed again in a 
semi-fluid condition, and passes along the groove into the reticulum, or 
over the unmasticated food contained in the latter chamber, to strain 
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between the leaves of the {Kalterium (omasum) and enter the abomasum. (In 
some ruminants the psalterium is absent.) In the rumen and retiailum of deer, 
catHe, sheep, etc., there exists a dense popxdation of protozoa and bactmia 
which attack and break down the enzyme-resistant cellulose which forms tire 
major part of the diet. Fermentation produces acetic, butyric and {nopionic 
acids which are neutralised by sodium bicarbonate secreted in the saliva. 



Fig. 640. — Usmvialia: Diseation. A ruininant>like digestion has arisen by parallel evolutioii 
in the grazing marsupials {e.g, the Quokka, Seionix brachyurus) although the stomach is notdii^ed 
into four compartments like that of eutherian mammals (Fig. 639). In Sefonix the ossophagus 
leads into a putative rumen ( 1 ). An asophageal groove, by-passing the extensive sacculated main 
fermentative region (of tubular glands), passes through an area of stratified squamous epithelium 
like that of the rumen, reticulum and omasum of sheep. Region III may be analogous to the 
abomasum ; the functions of II and IV are still unknown. These and other complexities are 
associated with the possession of a dense bacterial population (demonstrably concerned with fatty 
acid production) and a very small caecum. (After Moir, Somers, and Waring.) 


Absorption takes place in the rumen, and liberated gases {e.g. methane and 
carbon dioxide) are regurgitated. 

* Meam^hile, food residues, fluid and micro-oiganisms descend the alimentary 
tract. In the omasum fluid is absorbed. In the abomasum, the protozoa and 
probably the bacteria, are destroyed by secreted hydrochloric acid. The 
abomasum produces also digestive enzymes, and further absorption takes pktce 
in the small intestine. In ruminants the csecum is relatively small ; in Geoigian 
times ^ose of sheep were prepared for use as condoms (Huxley). • In ruminants 
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the colon too, is comparativdiy uiumpottant j but in non-mminating beibivoFes 
such as horses both caecum and colon are oEtormous. M inaterial passing bx>m 
ileum to colon enters the caecum 'ududi, in the horse, may be some four feet 
long and hold as much as eight gallons. In hmrses the caecum has a fluid- 
storing amd digestive function. The large colon in horses is principally absorp- 
tive in function although some bacterial (but not enzymatic) digestion occurs 
therein. 

In the camels the stomach is not so complicated as in the more typical 
ruminants. There is no distinct psadterium, and the rumen is devoid of villi. 
Both the rumen and the reticulum haye connected with them a number of 
pouch-like diverticula, the openings of which ase capable of being cl(^ed by 
sphincter muscles. In the Cetacea the stonmch is also divided into compau-t- 
ments. In porpoises the oesophagus opens into a spaunous paunch, the <Wdiac 
compartment of the stomach, which hats a smooth, thick, mucous membrane. 
This is followed by a second mediam chamber of considerably smaller <upen- 
sions. This hats a glamdular mucous membrane, which is thrown into a nukiber 
of complex folds. A long amd narrow third, or pyloric, compaurtment follows 
upon this, terminating in a constricted pyloric aperture. Beyond this the 
beginning of the small intestine is dilated into a bulb. 

A caecum (see above), situated at the junction of the lauge and smadl in- 
testines, is usually present, but vauies greatly in extent in the different orders 
and even families. In general! it is much lau'ger in vegetarian than in cauni- 
vorous forms. Among the former it is those that have a simple stomach (such 
ais in the rabbit) that have the largest caecum. The hyraxes (p. 808) differ 
from the rest of the claiss in the possession of four definite caeca, of which there 
is a posterior pair, eau:h carrying a vermiform appendix. The caecum is simple 
in monotremes, absent in the sloths, some Cetaicea, and a few Carnivora. It 
is relatively enormous (about 250 cm. long) in the marsupial Koala, Phascolarctos 
(which eats admost only Eucalyptus leaves), next relatively hugest in two other 
marsupials (Trichosurus, Did^hys), and big in all phalamgers (p. 716). In 
Man amd a few other amimals (civets, some rodents, monkeys) the distal end of 
the caecum has degenerated into an appendix vermiformis. The mere pro- 
portion of vegetable material ingested is not, however, the wily factor governing 
the size of the caecum. _ 

The Prototheria resemble reptiles, bi^, and the Amphibia, amd differ 
from most mammals in the retention of a doaca. Into this not only the rectum 
but the urinary and genital ducts open. In the marsuinals a cwnmon sounder 
musde surrounds both anal and urintgenital apertures. In the female there is 
a definite doaca. In nearly all the Eutheria ^ i^mtures are distinct, and 
separated from one another by a cwisideralfle ^)aoe-4he pariaumm. 

Associated with the alimentary canal is the Inwr QBIg. 461, p. 669). It con- 
sists of two parts or main divisions (right and teft) iacoBi|dk^ iqp>ansted from 
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onfi 'Mother '1^ a. fissure termed the uw^UiccA, owing to its msxking Hie positioii 
of the foetal umbilical vmn. Tyjacally each of these main divisimis is divMed 
by A fissure into two parts, so that right lateral and right central and kfi 
lateral and left central lobes are clearly distinguishable. When a gall-bladdn‘ 
is present, as is the case in the majority of mammals, it is attached to, ot 
embedded in, the right central lobe. A portal fissure crosses the right central 
lobe near the anterior border. Through this the portal vein (from the hqpatic 
portal vessds arising at the small intestine) and hepatic artery pa eg into the 
livM and bile vessels pass out. Hepatic veins drain into the postcaval \riudi 
lies in contact with, or embedded in, the right lateral lobe near its anterior 
border. Given off from this lobe, between the postcaval and the portal fissure, 
is a small Spigelian lobe, of varying extent. The term caudate lobe is applied 
to a process of the right lateral lobe (of considerable extent in most mammals), 
which has the postcaval vein in intimate relation to it. This is often closdy 
applied to the kidney. A gall-bladder is absent in the Cetacea, the peiisso- 
dactyles, the Hyracoidea, and some rodents. It is present in fruit-bats 
(Epomophorus). 

Blood^vusonbur System. — The blood of mammals is warm, with a tempera- 
ture alwa3rs of from 35® to 40® C. except in the Prototheria (p. 690). The red 
corpuscles or erythrocytes are non-nucleated : in form they are most usually 
biconcave discs, alwa3rs circular in outline, except in the Camelidw, in which 
most of them are elliptical. The relative numbers of red cells differ widely 
among various groups and particularly in relation to altitude and therefore 
oxygen pressure. 

The general statements which have been given with regard to the heart of 
the rabbit (p. 670) hold good for the Mammalia in general. The sinus venosus 
is never distinct from the right auricle. Of its valves, which are more com- 
pletely retained in the Edentata than in the other orders, the right gives rise to 
the Eustachian valve. This is a membranous fold, often fenestrated in the 
adult, metending from the right wall of the postcaval to the edge of the foramen 
ovale {annulus ovelis). The left becomes merged in the auricular septum, 
helping to complete the annulus ovalis behind. Each auride has an auricular 
apptendix. The right auriculo-ventricular aperture has a three-cusped tricuspid 
valve, and the left a two-cusped bicuspid, or mitral, with diordse tendinese 
and musculi papillares. In all mammals the openings of the pulmonary artery 
and aorta are provided with three-lobed semilunar valves. 

The single aortic arch, situated in all mammals on the left side, varies greatly 
in the way in 'whidi it gives off the main arterial trunks. Sometimes a smgle 
large titmk passes fmward from the arch of the acuta and gives rise to both 
carotids and boffi subdavians. Sometimes there are two main trunks-^** 
and Ufl PamertAnede arfeffes— each giving rise to the carotid and subclavian of 
its own ride. Somerimes there is a right innominate giving off right carotid 
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imd right subclavian. The left carotid and left subclavian come ofi separatdy 
from the arch of the aorta. In the rabbit and many other t3rpes an innominate 
may give origin to the right subclavian and both carotids, with the left sub- 
clavian coming off separately. 

In monotremes and marsupials, in most psenungulates, and in the Rodentia, 
‘ Insectivora ' and Chiroptera, both right and left precavals persist ; in the others 
the left aborts, its vestige giving rise to the coronary sinus. In the monotremes 
the openings of all three cavals are provided with valves, only vestiges of which 
exist in the other groups. In the monotremes all the pulmonary veins open by 
a common trunk. In the Metatheria and Eutheria the four veins sometimes 
open separately, sometimes the two veins of ^aph side unite to form a single 
lateral trunk. In Tachyglossus there is an abdominal vein corresponding to 
that of amphibians and reptiles. 

The following are some of the principal variations in the structure V)! the 
heart which occur in the different groups of mammals : In the Monotremata 
there is a deep fossa representing the fossa ovalis in the auricular septum. 
The auriculo-ventricular valves depart from the structure ts^ical of mammals 
and approach the corresponding valves in the heart of birds. In the Marsupials 
the fossa ovalis and annulus ovalis are absent. In the uterine fcetus of the 
kangaroos the auricles communicate by a fissure, but all trace of this becomes 
lost before the adult stage is reached. 

In the Cetacea, Eustachian and Thebesian valves are both absent.' In 
some of the Cetacea the apices of the ventricles are separated by a slight 
depression. In the Sirenia a corresponding cleft is much deeper and wider, the 
apex of the heart being distinctly bifid. 

In the ungulata, Eustachian and coronary valves are absent; in some there 
occurs a cartilage, or bone (os cordis), often double, at the base of the heart. 
(This is a ‘ visceral ’ bone of the nature of the os penis (p. 74), the diaphragmatic 
ossification in camels and the mandible and hyoid.) The Eustachian valve is 
absent in most of the Carnivora. In the Pinnipedia an inter-auricular aperture 
often persists in the adult. 

The Mammalian Heart-beat . — The heart-beat is myogenic in origin even 
though the rate and other factors can be controlled by outside influences 
(p. 1 16). In the human fcetus, rudimentary heart bea^ begin after about three 
week’s gestation and perhaps two weeks before nervous elements arise. (In the 
chick embryo the heart rudiment begins rh3d:hmical contractions after about 36 
hours, but ganglion cells do not appear tmtil after the sixth day of development.) 

In mammals a S3^tem of specialised cardiac tissue is responsible for the 
initiation and propagation of the heart-beat. The neurmnuscular 
auricular node (S.A. node), embedded in the wall of the right auride with a 
special blood supply of its o\ra, is the pace-maker. From this an excitation wave 
aris» and is transmitted in all directions tluougfa auricular cardiac musde and 
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to the aurictdo-ventricidiur node (A.V. node). Thenc% the aurictdo-ventfiadait 
bmdk {of His) and its right and left branches convey the extraction impalM 
rimultaneonsly to right and left ventricles. The branches of the A.V. bna<Be 
break up into numerous conducting fibres of the Purkinje nehvork. These 
specialist pathways make possible the synchrxised contractions that occur in 
the healthy animal (see also p. 109). 

The cardiac blood supply in mammals comes from right and left coroneay 
arteries which arise from the aorta near its origin. These terminate in an 
unusually rich distribution of capillaries. Anastomotic arrangements of three 
kinds feature in the intrinsic circulation of the heart. 

Special peripheral or sub-peripheral anastomoses, too, occur as climatic 
thermal adaptations in many animals. Such creatures can probably swiftly lose 
heat, or ensure its retention, by means of arterio-venous retes at the base of, or 
within, the various extremities. Thus, aquatic or other animals that are 
heavily insulated by fur or fat appear to avoid serious overheating during 
severe exercise by means of heat-loss through relatively uninsulated limbs or 
tail into which the blood-flow is reflexly regulated according to the state of the 
internal and external environments. Such anastomoses have arisen in whales, 
sirenians, seals, certain amphibious rodents, and various strictly terestrial 
animals as well {e.g. sloths). 

Hibernation.— Msxiy small mammals {e.g. bats, rodents) undergo hiberna- 
tion involving a reduced cardiac and respiratory rate and greatly lowered 
general metabolism and temperature (cf. aestivation, p. 375)* hiberna- 

tion the animal, deeply hidden in a relatively constant environment, becomes, 
except for respiration, almost independent of external conditions. The North 
American ground squirrel {piteUus beecheyi) can be experimentally hibernated 
irrespective of season. In winter, animals placed in a temperature of 5’5 C. 
will hibernate (brain temjjerature, about 9* C.) within three da}^. Animals 
put into a 7“ C. environment during the summer need from 9 to 26 da}^ befwe 
entering deep hibernation. Although during deep hibernation .(oral tem- 
perature, 5*8® C.) there is an average 90 per cent reduction 'in the amplitude 
of general brain wave activity’, squirrels are nevertheless susceptilde to 
external stimtfli. They can discriminate between sounds. At brain tem- 
peiatuies of 6*i® C. they vocalise when touched. Muscle tone, too, is main- 
tained (Strumwasser). , . . , xu 1. 

Lymphatte System.— This is veiy highly developed, ramifying nchly throng^ 
out the body. It comprises lymph capillaries, lymph vessds, and attend 
tissue associated therewith in the form of lymph glands {lymph ««*«)• 
lymphatic vessds i^acteals) which occur in the vilU of the mtwt^ a^ a^«oA 
the products of fat metabolism, as also the lymphatic vess^ from the 
limbs and lower trunk, pour their lymph into a receptacle on ^ pt^erna 
abdominal wall {receptacnhtm chyU) from which a tube {Uwractc iwi) tuns 
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headwards to open into the great of the precaval syst^ by a valvular 
aperture. Brief accounts of tissue fluid and lymph are givra elseu^ieiu <p. 77). 

Resplratoiy System.— The respiratory organs resemi^ those id in 

the general features mentioned (p. 676) but in the Cetacea, the epi^Mtis and 
arytenoids are prolonged to form a tube, which extends into the n a s a l diambers 
and is embraced by the soft palate. Thus a continuous passage is flnmed 
leading from the nasal chambers to the larynx, and giving rise to the condition 
of an intrananal epiglottis. In the remaining mders a similar cooMtition occasion- 
ally occurs. The epiglottis is produced upwards into the respiratory division 
of the pharynx behind the nasal chamber. In marsupial pouch-young, in 
which the intranarial condition is complete, it is obviously associated with the 
passive absorption of the milk while breathing is being carried on continuously 
through the nostrils (p. 908). Some Cetaftdi and Artiodactyla, kre ex- 
ceptional in possessing a third bronchus, which passes to the right lung ameriorly 
to the ordinary bronchus of that side and to the pulmonary artei^. In con- 
nection with various parts of the respiratory S3^tem there are cavities containing 
air. The connection of the tympanic cavity with the pharjmx by means\of the 
Eustachian tube has been already mentioned. Air-sinuses, connected wth the 
nasal chambers, extend into the bones of the skull, especially into the maxillx 
and frontals, where they may reach large dimensions, and are known as the 
maxiUary antra and frontal sinuses. In the howler monkeys {Alouatta, p. 743), 
pharyngeal air-sacs occur, and the hyoid has become enormously developed 
(and bell-shaped) to house them. 

Nervous System. — The brain of mammak (Fig. 467. p. 678) is distinguished 
by its relatively large size, and in particular by the large size and complex 
structure of the cerebral hemisplteres of the fore-brain. 

The cerebral hemispheres of opposite sides are connected together across 
the middle line in all mammals, except the monotremes and marsupials, by a 
band of nerve-tissue termed the corpus caUosum — a structure not present in 
reptiles and birds. The hemispheres, in all but certain of the lower and smaller 
mammals, are not smooth, but marked by a number of grooves (sulci) separating 
winding ridges (convolutions). The lateral ventricles in the interior of the 
hemispheres are of large size and somewhat comj^x form. 

The optic lobes, which are rdatively small, are divided into four parts, and 
are hence called the corpora quadrigemina. The pineal body is always mnall. 
^nnecting the lateral parts of the cerebellum, w'hidr, in tire hi^o: manunals, 
attains a high d^;ree of development, is a transverse flattmied band (pons 
VaroUi) crossing the hind-brain on its vratral aspect. 

In the monotremes and marsupials (Figs. 641, 642) there is iw ccupus 
callosum, while the anterior commissure (ant. com.) is of rdativdiy large size, 
and, unlike the corresponding commissure in lower veite^ates, omtains fibres 
connecting together areas of the non-olfiretoiy tegieiis ^naopidiinm) of the 
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henu^!lien»._ The htppMomfi extend along the whole length of the kteml 
ven^ The layer of^-e^ells in each hippocampJlves oti^ as in 
Euti^ to mimercms fibres, which form a layer on the surface, tte^rfiwe. 
and become airai^^ed in a band—the ttenia hippocampi. In the Eutheria, as 
we l»ve seen in the Rabbit, the taenix unite mesially to form the body of the 
/bm* (see p. 680). In the monotremes and marsupials, on the other h a nd 
there is no such union ; the fibres of the taenia run towards the foramen of 
Monro, where they become divided into several sets. Of these one set ctm- 
stituting iht gmt majority of the fibres, pass into the hippocampus of the 
opposite side, giving rise to a hippocampal commissure {hip. com., cf. Figs. 641, 



Fio. 641. — Tarh^lommm: Bflin. 
Spiny Ant-eater, sagittal section, ant, 
com, anterior commissure; cbl. cerebellum ; 
c. mam, carpus mammillare; col, forv, 
column of the fornix; c, qu, coipora 
quadrigeraina; Aa6. habenular gang- 
lion; hip, com. hippocampal commissure; 
med, m^ulla oblogata; mid, com, middle 
commissure; olf, olfactory bulb; opt, 
optic chiasma; tub, olf, tuberculum 
olfactorium; vent, 3, third ventricle. 



Fig, 642. — Petrogalm: Brain. Rock Wallaby, 
sagittal section, ant. com. anterior commissure; 

cerebellum; r. fimm. corpus mammillare; c. qu, 
coipora quadrigemina; erttr, crura cerebri; epi. 
epiphysis, with the posterior commissure imme- 
diately behind; /. mon. position of foramen of 
Monro; hip, com, hippocampal commissure, con- 
sisting here of two layers continuous behind at the 
splenium, somewhat divergent in front where the 
Saturn incidum extends between them; hypo, 
h^^physis; med. medulla oblongata; mid, com, 
middle commissure; olf. olfactory bulb; opt. optic 
chiasma; vent. 3. third ventricle. 


642). The great devdopment of these may lead to its being mistaken for a 
corpis callosum. The fibres entering into the formation of this commissure 
correiqxmd. hotrover, not to the fibres of the corpus callosum, which is the 
commissure of the neo^pallium, but, as proved by their mode of origin, to the 
fibres of the fonux. and they connect together only the hippocampi, ihe fascia 
dentata, or speciafised lower borders of the hippocampi, and an area of the 
hemisphere, in front of the anterior commissure {precommissural area) : they 
thus cemstitute an olfadory or arckipallial commissure, since all these pmrts 
belong to the olfactory region or ardupaUium of the hemispheres. In the 
mrmottemes (Fig. 643) the hippocampal omimissure is endy very sightly bent 
downwards at its post«ior extremity. In most marsupials (Fig. 645) it bmds 
sharply w wand postaimly and runs forward again, becoming Urns fdded into 
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two layers, dorsal and ventral, continuous with one another at a postericH' bend 
or spkniutn, similar to the splenium of the corpus callosum. The dorsal layer 
of the hippocampal commissure becomes almost completely ie|daced in the 



Fig. 643. — OmiihorhunehUB: 
Bnin. Platypus, dorsal view 
(natural size), cbl. cerebellum: 
olf, olfactory bulbs. 



Fig. 644. — Taeh^gloHnuH: 
Brain. Spiny Ant-eater, dorsal view. 
Natural size. 


Eutheria by the fibres of the corpus callosum, and the ventral part persists in 
the shape of the psaUerium or lyra. 

In OrnitJtorhynchus (Fig. 643) the hemispheres are smooth; in Tachy- 




Fio. 645.— iifiicrofma. Brain. Fic. 646.— Otatooitt: Brain. Wliale 

Kiagi^. dorsal view. (After (Ko^te dorsal view. (After HamU.) 

Owen.) 

^ssus (Fig. 644) they are somewhat cravoluted. In the lower maisopials 
Uiere ate no convolutions {Notoryctes, Koala, phalangers), while in more 
advanced forms omvolutions are numerous, though the sidci are not deep 
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^Macropus, Fig. 645). Among the Eutheria, from the roitents and knver 
insectivorcs to the higher primates there is a great range in the develc^ment ci 
the fore-brain. In the lower types of mammalian brain the cerebrtd hffloai^^ 
spheres are relatively small, do not over-lap the cerebellum, and have smooth, 
or nearly smooth, sorfaces. In the higher types the relative development of 
the hemispheres is immense. Their backward extension causes them to cover 
over all the rest of the brain. The cortex is thrown into numerous complicated 
convolutions separated by deep sulci (Fig. 646). This development of the 
cerebral hemispheres reaches its maximum in Man. 

OrgaiM of Speeial Souse. — These have the same general structure and arrange- 
ment as in reptiles and birds. Jacobson’s oi^ns, however, are developed 
only in the 'lower' families of mammals (see p. 139). The olfactory mucosa is 
of great extent, owii^ to the development of the convoluted ethmoturbinal 
bones over which it extends. In the toothed Cetacea (alone among mammals) 
the nasal chambers lose their sensory functions — the olfactory nerves being 
vestigial or absent. Taste-buds occur in the tongue and palate. 

In essential structure the ^ of the mammal resembles that of the Verte- 
brates in general (see p. 139). The sclerotic is composed of condensed fibrous 
tissue. The pecten of birds and reptiles is absent. In most mammals there are 
three movable eyelids. Two, the upper and lower, are opaque and usually 
covered with hair. The third is anterior, translucent, and hairless. This, the 
nictitating membrane, is vestigial in higher types — ^it can be seen in Man as a 
small pink fold in the inner canthus of each eye. The secretions of a lachrymal, 
a Harderian, and a series of Meibomian glands moisten and lubricate the 
conjunctival surfaces of the eye-ball and its lids. In moles, and certain other 
burrowing Insectivora and rodents, and in Notoryctes among the marsupials, 
the eyes are impofectly developed and functionless. In whales the eyes are 
small, or even vestigial (e.g. Platanista), but often elaborately modified. The 
cornea is extremely flattened and the lens rounded in an almost piscine manner. 
An unusually thick sclera and specialised lid muscles, derived from the four 
recti, provide protection against pressures. The Hardman glands secrete a 
fatty material whidi lubricates the eye-surface. Lachrymal glands and ducts 
have disappeared. 

The ear of a mammal is more highly developed than that of other verte- 
brates, both in respect of the greater complexity of the membranous labyrinth 
and in the greater devdopmait of the accessory parts. A large external 
auditory pinna, supported by cartilage, is almost invariably present, excqpt in 
the Momitiesnata, Cetacea, and Sirenia. This is a widely open funnel, of a 
variety of idtapes in different groups. It asrists the collection of sound waves. 
By the action of a system of muscles it is usuafly capable of bei^ turned 

about in difieroit directions. Enclosed by its bwal part is the t^renii^ of ^ 

external auditory passage (Fig. 93. P- ^44)- 
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leads inwards to the tympanic membrane, whidi s^erates it firom the cavity 
of the middle ear {tympanic caoity). The wedl of the extqnal auditory passage 
is sometimes entirely membranous or cartUaginous, but aometimes in part 
osseous. In Tachyglossus it is strengthened by a smes of incomplete rmgs 
of cartilage. The tympanic cavity, enclosed by the periotic and tympanic 
bones, communicates with the uppo: or respiratory division of the pharynx by a 
longer or shorter tubular passage {Eustachian tube). On its inner wall are 
the fenestra ovalis and rotunda, and across its cavity, fnan the tympanic 
membrane to the fenestra ovalis, runs the chain of auditory omides— ^the 
malleus (hanuner), the incus (anvil) and the stapes (stirrup). These, the 
smallest bones in the body, vary somewhat in form in different mammals. 
The stapes is usually perforated by a oonsi 4 eRble foramen and a minute 
artery, as in the rabbit, but, in the monotremes, certain noarsupials, ana Afams 
among the Pholidota, it approximates more towards the rod-like shapoof the 
coliunella auris of amphibians, reptiles, and birds. The membranous Uufmnth 
of the internal ear of a mammal is characterised by the special developmmt of 
the cochlea which (except in the monotremes) is spirally coiled to a g^ter 
or less extent. In cetaceans the entrance to the long meatus (which often 
contains a substantial wax plug) is very small. The t}mpanic membrane is 
thickened and the auditory ossicles are fused into a single rigid colunrn con- 
necting t3nnpanum and periotic. The tympanic bulla is held to the periotic 
by a pair of thin, flattened bones. The petrosal does not unite with the skull. 
The cochlea is not truly spiral, making but one and a half turns. 

Endoerine Organs.— See pp. 147-154, 889, 905. 

Urlnogenltal System. — ^The kidneys of mammals are compact organs of oval 
shape. On the inner side is a slit or hilum, by which vessels and ducts enter or 
leave the interior (Fig. 99, p. 154). The substance of the kidney consists of two 
distinctly marked portions — a central portion or medulla, and an outer part or 
cortex. The latter is marked by numerous minute tubules, each of which ends 
in an indented expansion {Bowman’s capsule). Into this enters an arteriole 
which leads to a tiny caiudicular knot {glomartdm) of capillaries, the walls of 
which are one cell thick. As the tdood flows through this tuft of vessels, fluid 
and solutions are transferred through its walls and through the capside into a 
proximal convoluted tubule where vital glucose, salte and fluid are selectively 
reabsorbed. The concentrated urine now flows into the descending loop oj 
Hetde, the first section of a hairpin-shaped structure uncertain fwKtion. 
The succeeding ascending loop lea^ into a distal convoluted tubule from vdiich, 
possibly, more fluid and dissolved substances may be taken into.tiie tissue 
spaces and back into drculatkm. In any case, the residual vena., sodium 
chloride, potassium, uric add, and traces of a considnalfle number of other 
substances flow down a final, wider obliging tubsAe fnaade UP from several 
rend units) towards the centre of the kidney (Fig. loo, p. 155). In Procavia 
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(p. 8o6), w^Aclk tnhftUts hot, rocky Areas, there exists a medhanisin tbataflows 
such a In^ 4lcgree of fluid retention that the urine is voided in viscid streeks. 
In some mammals (cf. Amphibia, p. 451) the antidiuietic hormoae (from &e 
pars neuralis, p. 151) operates by increasing the tubule reabsmptiaa of seater. 

The numerous apertures of the collecting tubules opoi into the of 
the ureter. They are situated on the summits of papilUe, which are the ^1*^ 
of a series of p3rramidal masses into which, in most cases, the substance of the 
kidney is completely divided. In many mammals, however, there is no such 
divirion of the kidney substance, and all the ducts open on the surface of a sin^e 
papilla. In others again (ox, bears, seals. Cetacea) the division is carried so far 
that the kidney is divided externally into a number of distinctly separated 
lobules. Each kidney possesses a duct {urOer) which leads, in all the Theria, 
into a large median sac, the urinary hlaMer. This is situated in the posterior 
or pdvic part of the cavity of the abdomen. From this a median passage, the 
urinogenital passage or urethra (into which in the male the vaea deferentia open) 
leads to the exterior. Only in the monotremes do the two ureters and the 
bladder all have separate openings into the urinogenital division of the cloaca. 

The testes only exceptionally retain their original position in the abdominal 
cavity (as in cetaceans, elephants, Hyracoidea, some Lipot3rphla (p. 726), 
Macroscelididae (p. 731)). In the majority of mammals they descend the 
inguinal canal (in the posterior abdominal vrall) to lie in the perinaum (space 
between the urinogenital and anal apertures) or to be received into a pendulous 
pouch of skin, sometimes double — ^the scrotum. 

The testes are oval bodies composed essentially of three elements ; x. a 
fibrous connective tissue tunica albuginea ; 2. seminiferous tubules, and 3. aggre- 
gated Leydig or interstitial ceUs which secrete the male sex hormone. The 
two last-named components are under the influence of gonadotrophic hormones 
from the anterior pituitary gland (p. 150). The spermatozoa from each testis 
are discharged from the convolut^ seminiferous tubules into a plexiform rete 
testis whence they migrate into the proximal head and next the tail of the 
convoluted epididymis. From here they pass to the vas deferens, a narrow 
canal which enters the abdomen. Each vas now takes a curved course, asc^}d> 
ing in Man (fw: exanq>le) above the level of the bladder. Passing downward, 
the vas .expands into an ampulla and, additionally, ^ves ofE a complicated 
glandular seminal vesicle. This pair of structures, prominent in the prostate 
region, do not, in fact, store seminal fluid: they produce fructose, which is 
apparenriy utilised by the descending spermatozoa. (The usual sites of sperm- 
storage are the epididymides and the ampuUse.) Paired ejaculatopr ducts allow 
access of .spennatozoa into the median unpair*^ urethra and pans (see bdow). 

A smaU diyerticiduin of the proximal part of the urethra (the uterus masci^ 
Hnus) may be the rudiment of the Mulloian duct (p. I 59 )* Surrounding this 
part of the urethra is the large alveolar prostate gland (in close asaodatkm with 
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the ejaculatory ducts) which is under both nervous iuid endocrine {sex hcurmone) 
control. Prostatic secretion, together with that ol a pair of smaH racemose 
Cowper’s or btUbo-urethral glands is added to the spermatozoa. The ducts of 
the latter glands open into the urethra near the base of the penis. 

The penis, present in all male mammals, varies greatly in form but is 
essentially composed internally of sinusoidal erectile tissue arranged in longi. 
tudinal columns. In general, two such columns lie in dose apposition and 
form the dorsal corpora cavernosa penis which is attached proximally to the 
ischia (except in monotremes. marsupials, and some edmtates) . A third column 
of erectile tissue, the corpus spongiosum or corpus 
cavemosum urdhree, is perforated by the urethra. It lies 
below and is often dilated ^ its extremity to form the 
glans. In some species there develops an osseous eluent, 
the os penis (os priapi), or baculum, in the fibrous septum 
between the parallel columns of the corpora cavernosa. 
This 'visceral' bone is widespread among rodents. Carni- 
vores. bats, and primates except Man (p. 75). but it 
does not occur in whales, as is often stated. Its homo- 
logue may occur in the clitoris where this structure is 
well-developed (e.g. Lemur, Fig. 647). 

During sexual exdtement. nerve impulses cause the 
dilation of the arterioles and capillaries from which the 
above-mentioned sinuses are filled. At the same time, 
the plain musde of each sinus wall is rdaxed and there 
is a contraction of the drcular musdes that regulate out- 
flow. Thus, blood flow is impeded, resulting in turgidity 
and erection. Many spedes of several mammalian orders 
(After Osman Camivora) possess homy penile spines or copulatory 
grapples, and analogous stractures have arisen in the 
elasmobranch fishes and Reptilia as well (pp. 256, 550). 

The ovaries are compressed, oval bodies which retain their primary position 
in the abdomen or pass backwards into its posterior (pdvic) region. Each 
organ is attadied at its hUus to the suspensory ligaments of the uterus. In the 
mcmotremes, large Graafian foJUdes project on the surface of the ovary. In 
all groups the ovary is wholly, or at least partly, ensheathed in specialised 
peritoneum formed of cubical cells — ^the germing epUhdium. In the mare 
(Equus) this epithelium is restricted to an ovulaiion fossa into which ovulation 
inevitably occurs. Within, the ovary is composed chiefly fibrous connective 
tissue ovarian stroma, in uhidi lie the ooc}rtes endosed in the Graafian fdlides 
in various stages of maturation and atresia, and, alter ovulaticm, endocrine 
dorpora httea (see p. 152). After its regressimi, each corpus heteum perrists as 
aacar-like corpus albkam. 
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Fxg. 648.--][Mstliefia: Uiiiiogeiiitalia in 
fenmlai. A, Didelphys dorsigera (young oppo- 
sum); B, rrtcAo5un<s (phalanger); C,Pha$co^ 
lomys (wombat); B, urinary bladder; CL 
cloaca; JFim. fimbriae; g. clitoris; N. kidney; 
Od. Fallopian tube; Ot, its aperture; Ov. 
ovaiy; r. rectum; r', its opening; Sifg, urino- 
genital canal; C/r. ureter; l/X. uterus; W, 
opening of the uterus into the median vagina 
( Vg. B.) ; Vg, lateral vagina; its opening 
into the urinogenital canal; t*> rectal glands; 
t, bend between uterus amd vagina. (After 
Wiedersheim.) 



The dfieted oviducts usually have dilated funnel*like abdominal openings^ 
the edges of vdiich are generally fimbriated and arranged in a way that allows 
direct access of ova from bursting follicles into the adjacent oviducal funnel* 
In some maininals (e*g. Pteropus), the ovaries are aln^t completely encap^ 
mutated by which means the ovum is extruded into a bursa and is thus compelled 
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to enter the conjoined oviduct. In some bats (Ifiondiin^tera), but sot the 
megachiropteran Pteropus, only one ovary is functionaL 

In monotremes the two oviducts are ^tinct throughout thdr laigth« and 
open separately into an urinogewittd sinus. In nearly all manunals, however, 

A B 





oa 



D 



Fig. 649.— AdlMEia. \ Sifaio- 
gaattaUa ia Iwnslw. A\ B, c, 

D, illustrate the differmt de- 
grees of coalescence of the ovi- 
ducts. A, two distinct < uteri. 
B, bicomuate uterus. C, uterus 
with a median partitioii D, 
complete coalescence. B, female 
repr^uctive organs of one of 
the Musielina with embryos (**) 
in the uterus. F, female repro- 
ductive organs of the Hedgehog. 
H, urinary bladder; Ce, cervix 
uteri (neck of uterus); N, Nvt, 
kidne3m and adrenal bodies; Od. 
Fallopian tube; Ot, ostium tub»t 
(abdominal opening of Fallopian 
tube); f. rectum; Sug. nrino- 
geniM canal; Ur, ureter; Ut. 
uterus; Vg, vagina; tt« acces- 
sory glands. (After Wieder- 
sheim.) 


more or less coalescence takes place. In marsupials tins coalescence is confined 
to the proxinial parts of the vagina. In opossums (Fig. 648) the two oviducts 
are mopdy in dose apposition at one point bdiind the uteri, and time is no 
actual coalescoice. In the rest of the mamqpials (B, Q the ainteiior portions 
<rf the oviduct in the region (vagina) postoitor h) uteri uidte to torm a 
median chamber whidi may send backwards a me^tui diverticutons ipuMan 
Vg., B), and in this way communicate hdund wifh the uriitc^lfenital 
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uten {A. ia.) ranain distinct ; m others their posterior portions m Ca 

.(m with two horn, or «««». In Pitaatos and some of the EdenUtatt^ 



« 

at aartfwf 


f tbirin§ 
lacUUou 


Fig. fijo.-— CracMlB.* fcter—l ftnitalis. The aberrations depicted occnr in the Spotted 
spectee (C. crocMla) but not in other Hymide. (Redrawn after Harrison Matthews.) 


coaleseentt goes still farther. In these there is an undivided uterus (D) 
in addition to an undivided vagina. The only parts of the oviducts which 
remain distinct from <me another are the narrow anterior parts or Fallopian 
tubes. 

The capacious niinogautal sinus of monotremes extends ftom the doaca 
ant^ior to the entire length of the bladder (Fig. 487, p. 700). Tlas paired 
Miillmihn dnets oiter separately the extreme anterior end ci the dumber; the 
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ureters pierce the dorsal wall a little closer to the cloacal aperture; Tin 
opens independently into the ventral surface of the urinogenital sinus, 
being unconnected with the ureters. 

In all mammals th^ is, in the vestibtde or urinogenital passage (through 
which the vagina communicates with the exterior by the aperture of the 
vulva) a small erectile body — ^the ditdris — ^the homologue of the penis. This 
is only sometimes perforated by the urethral canal (p. 701) . In many mammals, 
including Man, the vagina is first almost enclosed by the hymen, a mucosal fold 
with a central circular or elliptical aperture. Its function may be to prevent 
the reflux of mine into the genital tract of the juvenile. 

Among the eutherians the external female genitalia of the Spotted Hyaena 
{Croeuta crocuta) and at least one mole (i.e. Taip^ europea) are not developed 
in the usual way although the internal elements fall into the general parttem. 
The external peculiarities of the female Spotted Hyaena gave rise to the andent 

belief that the species changed sex every War. 
Both sexes of the Spotted (but not of ^ther 
species of) hyaena are externally very siiAilar 
and male-like (Fig. 650) ; in both the nipples 
are surrounded by areolae which in the mature 
but non-parous female are practically indis- 
tinguishable from those of the male. Both 
sexes possess an admost identical phallus and 
their external similarity is further emphasised 
by posterior perineal swellings in the female 
resembling the male scrotal prominences. Al- 
though slightly smaller in the female, the g^ns 
amd prepuce in both sexes au:e almost identicad. 
The meatus is similair in position, and is the 
oidy external means of commmiication possessed by blaulder amd urethra, uterus, 
and vag^a (Fig; 651). In both sexes the glans is armed with homy spines 
{popuUdory grapples) such as occur in severad orders of mamunals. 

At the approada of the breeding seaison the external meatus of the femade 
enlarges from a slit 2 mm. long to a longitudinad opening some 15 mm. in the 
ventral surface of the phallus. Insemination amd pauturition occur through 
this genito-uriiuay aperture. Although it hats been-often cladmed that the 
mngenital canal extends right to the os uteri (and that therefore the typical 
entherian vagina is absent), Matthews has drown that a vagina does occur as a 
adtg^tly expamded part of the tract a little less than half-way down-the ntero- 
yaginal canal. Its entrance is guarded by a hymeneal fold. Thus, the 
isproductive tract in the Spotted Hysena retains tiie original embr5raiuc con- 
nection with the urogenital sinus which in turn fimia outlet through the female 
I^iallus. Copulatiim occurs in essentially the position asstaned by otho’prono- 



F1G.651. — Croeuftt; &itai»ls«iii- 
tdia. (Redrawn after Wood Jones.) 
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grade mammals, and according to Grimpe 'amid loud laughter, sdiidi is 
characteristfe of h3rBenas’ (dted by Wood Jones). 

In the mole, Talpa europea, both sexes are externally male-Uke durii^ Utdr 
first year. The female phallus is only slightly smaller than, aitd differently 
shaped from, that of the male. Through this phallus disdiarges the urinary 
canal from the bladder. There is no external genital opoiing. The 
wide internal uterovaginal chamber ends blindly, showing no sign of its 
original, bilateral embyronic structure or of the former junction of the Mfil- 
lerian ducts with the urinary tract. During the first oestrus (second season 
after birth) an amazingly rapid transformation occurs in the female goiitalia. 
The perineum becomes hypersemic and a transverse vulval orifice appears 
immediately posterior to the base of the phallus. By virtue of its formaticm 
this is necessarily without labia. The internal genital tract shows even more 
profound seasonal modification. There develops a vulvovaginal canal, lipH 
with mucosa, which joins the external orifice and completes the formation of a 
reproductive tract that is still, however, in no way connected with the urinary 
tract. After parturition the vulval apparatus regresses, loses its coimection 
with the uterovaginal canal and disappears, sometimes without an obvious 
scar. The process is repeated seasonally. 

Remarkable temporary (or in some species permanent) genital changes 
take place also during the breeding season of marsupials. During early 
eutherian development the ureteric elements pass towards the kidneys lateral 
to the Mullerian ducts which will give rise to the Fallopian tubes. These ducts 
remain separate anteriorly, but unite posteriorly to form a median corpus uteri 
to communicate with the vagina. In the Metatheria, on the other hand, the 
presumptive Tueters pass b^een the genital elements. This prevents a median 
fusion into a single corpus. As development proceeds, the primitive mar- 
supials come to possess twin uteri, and corresponding lateral vaginae opening 
separately into the urogenital sinus and likewise externally at the cloacal 
aperture. The penis, too, is correspondingly bifid at its termination. 

Before pregnancy in some marsupials a remarkable and temporary sagging 
occurs in the anterior parts of the female ducts so that each forms a vaginal 
cul-de-sac between and below the ureters where they enter the bladder. 

* After high tubal fertilisation the embryos descend into the small twin 
uteri. Hoie they establish a brief placental connection, but soon migrate 
posteriorly, not down the lateral ducts, but into the median cul-de-sacs. The 
thin double septum separating these pouches disintegrates and the young 
are strapped in a posteriorly closed, grraitly dilated chamber ^stended below 
the ureters. 

An extramdinary development now occurs. The postmim point of the 
elongated brood-chamber ruptures, extravasation of blood occurs and a birth 
passage forms through the tissues between chamber and median uimogemtal 



ZOOLOGY 


896 

sintts. Thiongh this temporary conidor the nmmte cndxtyos hwape after aa 
extremely short gestation peri^. The membranes and eoids remaiB kt the 
passage and axe incorporated with the scar tissue on the nte of the loaner 
r^nai. The temporary passage has no ejnthdiom and little definite stnicttne ; 
the rent that formed it heals rapidly so that in Dasyurus {far example) the 
rupture is repaired within two days of parturition (Hill). In some marsupials 
(e.g. Potorous, a genus of rat-kangaroos) parturitum is by way of the lateral 
vaginae. 

In more pr(^[ressive marsupials the phenomenon differs considerably. The 
arboreal phalanger, Trichosunts, has the cul-de-sacs already present in the 
22 mm. embryo and in the adult these are separated by only a fragile s^tum 
which ruptures early in pregnancy and remains permanently open during 
successive seasons. Nevertheless, there still remains to be formed the tem- 
porary median birth-passage during each parturition. In some of the B^cro- 
podidae the median brood chamber and birth canal have become perm^ent 
structures, the latter with a muscular wall and epithelial lining, but still not 
permanently joining the urinogenital sinus. Others of the same family ap^ar 
to have gone a step further and retain the final ap>erture as a permanent feature. 
Yet even in these forms (as far as is known) the sperms still ascend the original 
lateral ducts. 

The spermatozoa of most mammals seem to be extremely short-lived (see 
below) but in some temperate zone Microchiroptera (members of the genera 
Myotis, Rhinolophus) there has been evolved a mechanism for sperm preserva- 
tion in the female tract after copulation in late summer or autumn until the 
following spring, when ovulation and fertilisation occur. In addition to 
spermatozoa, the male Myotis provides also a considerable amount of mucus 
from accessory sexual (probably urethral) glands, and this fills and dilates the 
vagina as a congealed, sperm-containing plug — ^the bouchon vicinal. The 
encapsulated spermatozoa are freed and make their way to the uterus in time 
for a post-Avinter fertilisation. In smne species the bouchon still occludes the 
vagina after pregnancy has begun and luteinisation is completed. 

Breeding Seasons. — Most mammals, like other vertebrates, breed at more or 
less specific times of the year although many (e.g. Man, Baboon, Giraffe, 
elephants) have no particular mating season. Those whidi tejmxiuce at 
periodic intervals have evolved by naturaLadectitm a mechanism 
which is influenced by naturally recurring stimuli and inhibitors (e.g. changes 
in day-length, temperature, food-supply, psychical factors, etc.) and such 
influences, operating via the extmiceptors, ccmtral nervous system and anterior 
pituitary in conjunction with an internal rhythm of reproducrion, ensure that, 
in general, the copulation will occur at a period af^nopriate for the lasindung 
of rite young at the tune of year most pxopitk>c0 lor their oirvivaL 

The females undergo an oshws cyde. Anmstcm, n period of sratual 
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qaksoeiMK. » succeeded by proastms dtiritig Ddiicb thoe is a pcegnasive 
incr^ in production of oestrogen, endometrial proliferation and, in some 
species uterine bleeding superiiciany like that of menstruati<m (see bdow). 
Next comes mirus. or heat, involving further uterine changes, a readiness to 
mate, and usuafly ovulation. Immediately after ovulation, the corpus Intenm 
develops. Its progesterone operates synergistically adth oestrogen, further 
preparing the endometrium for the reception of the blastocyst and pregnancy. 
If fertilisation does not occur, there may be a progesterone-induced psendo- 
pregnancy during Mfhich non-pregnant females often exhibit maternal behaviour. 
In any ca^. oestrus will be ultimately foUowed by some degree of endometrial 
degeneration and a period of quiescence and rehabilitation varying in duration 
among different species. 

Monaestrus animals {e.g. dog, Dasyurus, Koala, bigger kangaroos) have a 
single cycle each sexual season, polyoestrus animals (e.g. sheep, rat, goat, rat- 
kangaroos, p. 719) may have several. In polyoestrus groups a period of 
dioestrus intervenes between cycles. Although, in general, parturition is 
followed by a lactation anoestrus (during which ovulation and conception rarely 
occur), some mammals undergo immediately, or almost so, a post-partum 
oestrus and copulation (e.g. the wallaby, Setonix, seals and many rodents). In 
the Common Hare (Lepus europeeus) an astonishing ovulation occurs, 

and the female may conceive again before delivery and thus achieve super- 
foetation. 

Attempts to relate precisely the sexual rhythm of the Primates that undergo 
true menstruation with the oestrous cycle in other animals have not been 
conspicuously successful. True menstruation is the post-ovulatory destruction 
and discharge of pseudopregnant endometrium and is widely spread only in 
‘ catarrhines ’ (p. 743), but occurs in certain other Primates and perhaps in 
Elephantulus, the African elephant-shrew. It is not impossible that true 
menstruation may occur in several other groups but it must be remembered 
that different types of uterine haemorrhage may occur (e.g. cow, bitch, and 
intermenstrual hemorrhage in women). There is, incidentdly, no evidence of 
the r^tivdy early cessation of female reproductive activity {i.e. menopause) 
in any animal other than Man. 

In most, but not all (p. 896) mammals the period at which fertilisation can 
take plaw is strictly limited. Thus in the rabbit, in which induced ovulation 
occurs ten hours after copulation (p. 898) ova remain fertile for only six hours, 
though they live for much longer. In women ovulation usually occurs between 
the twelfth and fourteenth day of the cycle : the basis of the possibly 'safe 
period’ whk* falls into about the week immediately before raenstruatitm. 
The fife of apermatcHSoa in the female tract of most mammals is brief (e.g. from 
seventeen to fwty hours in most species investigated, including Man, but up 
to seven days in horses), 

VOL. n. ^ 



ZOOLOGY 


898 

Devdopment and Anodated Phenomena. — ^The ova of mammals, liice those 
of vertebrates in gmeral, are developed from germinal einthelinm. Each of 
these, surrounded by smaller unmodified cells of the epithelium, sinks into 
the stroma of the ovary, in which it becomes embedded, the small cdls forming 
a Graafian foUtde wUch encloses it. Soon spaces filled with fluid ai^)ear 
among the foUide cells, and these eventually coalesce to form a single cavity 
containing liquor foUicuLi of high oestrogen content. This cavity, which in 
some mammals is crossed by strings of cells, separates an outer layer of the 
follicle cells (the membrana granulosa) from the mass {cumulus proligerus) 
surrounding the ovum, except on one side where they coalesce. A basement 
membrane is formed externally to the follicle cells, and the stroma around this 
becomes vascular, and forms a two-layered inyeftment for the follicle./ The 
cells immediately surrounding the ovum become arranged as a definite laver of 
cylindrical cells — the corona radiata. A thick membrane, the zona raiiata, 
perforated by numerous radially arranged pores, into which project propesses 
from the cells of the corona, invests the ovum. Beneath this there is a delicate 
vitelline membrane. In marsupials the ovum contains yolk which is xon 
extruded. The ovum of placental mammals is devoid of yolk. 

As the ovum approaches maturity the liquor foUiculi in the cavity of the 
follide increases in quantity and oestrogen content. The follicle becomes 
greatly distended. The follide has meanwhile approached the surface of the 
ovary, on which it comes to project as a rounded prominence. Eventually the 
middle region of the projecting part of the wall of the follide thins out ind 
ruptures, setting free the ovum, which passes into the body cavity and then to 
the Fallopian tube. 

Ovulation may be spontaneous or induced. In the great majority of 
mammals (induding Man) it occurs as a spontaneous event in the oestrous cyde 
(p. 896), or it may be induced by sexual excitement, or more usually, copulation 
(Mink, Rabbit, Ferret, Domestic Cat, Pteropus, etc.). Some animals that 
normally ovulate after copulation may sometimes do so spontaneously. 

In a rdativdy few mammals endometrial implantation of the blastocyst 
may be ddayed for as long as four months. Like ovovivipary (p. 549) delayed 
implantation is adaptive and of little phylogenetic significance. Thus, it has 
arisen in widdy tmrdated animals {e.g. Nine-banded Armadillo, Roe Deer, the 
wallaby Setonix, and in Carnivora such as seals, bears^Jlink, Weasel, badgers. 
Stoat). Although ddayed implantation occurs in Roe Deer {Capreolus 
capreolus) and Mink {Mustela vison), it is unknown in Red Deer {Cervus elaphus) 
and Ferret {Mustela furo). In the Roe Deer delayed implantation allows 
individuals to mate during July and August and yet delay parturition until 
after the winter and so drop thdr young m siting pastures after a ptblonged 
inteniterine period of between nine and deven mondis. Spring mating indi- 
viduals, on the other hand, parturate after only five months. 
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Tzansuterine migrotum occurs in numerous species (rodenfts. Primates, 
Chiroptera, Carnivora, horse, cow.) This invcdves the implantation on the 
opposite side (or even c(nnu) of the uterus from the tube along which the 
blastocyst passed. 

Multiple pregnancy represents the primitive mammalian conditimi. This 
has been abandoned, however, in many mammals, including particularly flying 
or arboreal forms {e.g. Primates). The restriction of the number of ova 
extruded during each oestrous cycle is reflected in the reduction of functional 
mammary glands (p. 848) and often in the evolution of a simple, fore-shortened 
uterus. This principle is well shown in Man and in many other animals. A 
fascinating situation in this respect is presented by some, but not all, armadillos. 
In the genus Dasypus there has arisen an extraordinary secondary specialisation 
in the production of identical quadruplets in Dasypus novemcincta and eight or 
even twelve monovular young in D. hybrida. Not all of such foetuses (the 
nidation of which is maintained by a single corpus luteum) survive gestation. 
D. hybrida commonly produces from seven to twelve young, however, and these 
must be maintained by four mammary glands — one inguinal, and one pectoral 
pair. The prolonged period of gestation (eighteen weeks in D. nmiemcincta) 
probably reduces the dependence of the neonatal young (which are protected 
in burrows) on lactation. It is probably only in Homo, Bos, and Dasypus 
that identical {i.e. monovular) twinning has been shown unequivocally to occur. 

The unfertilised mammalian ovarian ovum may naturally undergo several 
parthenogenetic divisions (rodents, dog, one record in Man) : ova perhaps 
possess an intrinsic capacity to divide. Experimental parthenogenesis has been 
achieved in rabbits (Pincus). 

Most of the differences between the early stages of development of a higher 
mammal (Fig. 652) and those of a reptile or bird are correlated with the absence 
of food yolk. One of the most striking of these is in the mode of cleavage. 
In the case of the large ovum of birds, as we have seen, the segmentation is 
of the incomplete or meroUasiic type, being confined to a small disc of proto- 
plasm — the germinal disc on one side of the ovum. In the mammals, except in 
the monotremes, cleavage is complete or holoblastic, the entire ovum taking 
part in the process of segmentation. The cleavage is nearly or quite regular, the 
cdUs into which the ovum divides being of equal, or approximately equal, size. 
The result, in the Eutheria, is the formation of a sphere of cells, which soon 
become distinguishable into an outer layer the trophoUast, and the inn&' ceU- 
mass or embryonal knot. In the marsupials, so far as known, the stage of a 
solid cellular sphere or morula does not occur. A central cavity is present from 
the outset. In the Eutheria, by imbibition of liquid, a cavity, which is 
formed in the interior of the sphere, increases rapidly in size. The stage now 
reached is called the blaUodermic vesicle. During the growth in size of the 
internal cavity the central mass of cells remains in contact with one side only 
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of the trophoblast, where it spreads out as a stratum severed cells deq>. JRttnu 
it are derived the embryonal ectoderm and the entice endoderm of tl^ veside. 

The outer layer is apparently the equivalent of the extrai-embrycoiai ec to- 
derm of the bird and reptile, and has been termed the irt^haUast or iro^obla^ 
ectoderm, because of the part which it pi^ya in the nutrition of the loetus. 
Immediately beneath it, throughout its extent, a thin laya: of flattened 
appears — ^the peripheral endoderm. This is continuous with.a simifar layer 
formed on the inner surface of the embryonic cdl-mass — the mibryome endo- 





Fig. 652. — Eutheria: Havelopmeilt. Sections of the embryo at successive stages in the 
segmentation and formation of the layers. A and B, formation of enclosing layer (trophohlast) 
and inner cell-mass destined to give rise to the embryo; C, blastodermic vesicle with embryonic 
cell-mass (emb,) separated from trophohlast (fr.) except on one side; D, blastodermic vesicle in 
which peripheral and embryonic portions of endoderm have become established: the break here 
represented on each side between the two does not occur. E, stage in which the embryonic ecto- 
derm has broken thi[ough the trophohlast and become joined to it peripherally. 


derm — and is formed by outgrowth from it. The rest of the cell-mass gives 
rise to the embryonic ectoderm. The part of the trophohlast lying over this 
embryonic ectoderm, known as the covering layer or Rauber’s layer, has a widely 
different fate in different Eutheria : it may thin out and disappear. 

A primitive knot and embryonic shield are formed as in reptiles. The poimi- 
tive knot has simply the appearance of the somewhat enlarged anterior 
extremity of a primitive streak (Fig. 653, pr.) which is developed very much 
in the same way as in the bird. Its fornmtion is due to the sanus cause as in 
the bird, viz. active proliferation of crils leadu^.to the deveic^ui^t of the 
b^imnings of the me^erm. A daric medium streak, i&srt head-process, vpptaxs 
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in front ol the pmniti ve knot, and in some mamnais there is an invaghiafikjn on 
the surfere of -tiie latter leading to the foiination of a neurenterie canal and^a 
notochcndal canal vdiich gives rise to the rudiment (A the postoior (A the 
notodiord. In the region of the anterior part of the primitive streak, the ^nu« 
tive knot and the head-process, the mesoderm coalesces with the endoderm ; 
but there does not appear to be any breaking through into the underlying space 
sudi as occurs in rejrtites (p. 551). A medtdlary groove {rf) and canal are formed 
in front of the primitive streak, and a row of mesodermal somites (Fig. 654) 
make their appearance on each side of the former. The embryo becomes 
folded off from the blastoderm as 
in the bird, and at length the body 
of the young mammal is con- 
stricted off from the ‘yolk-sac’ 
so that, ultimately, the two come 
to he coimected only by a narrow 
yolk-stalk (Figs. 655, 656): the 
yolk-sac is a thin-walled sac con- 
taining a coagulable fluid in place 
of yolk. A vascular area early 
becomes established arotmd the 
embryo on the wall of the yolk-sac. 

The most important of the 
points of <flfference between a 
mammal and a bird, as regards 
the latter part of the history of 
the development, are connected 
with the fate of the foetal mem- 
branes. The amnion is in many 
mammals developed in the same 
way as in the bird, *.e. by the 
formation of a system of fdds of 
the extra-embryonal somati^leure which arise from the blastoderm around 
the embryo, and grow upwards and inwards, eventually meeting in the middle 
over the body of the embryo, and uniting in such a way as to form two 
layers. Of the two layers thus formed the outer, consisting of trophoblastic 
ectoderm and somatic mesoderm, simply constitutes a part of the, extm- 
embiycmic smnatopletire vdtich forms a comjflete investment for the entire 
ovum, and is known as the chorion (Fig. 655, 2 and 3). In the account of the 
devd^pment of the bird it has been referred to as the/afea amnion or serow 
mem b rane. The innnr layer or true amnion, as in the bird, forms the wall of 
the eiHfit’fllftr ettoUy (4 and 3, ah.) which becomes tensdy filled with fluid (the 
^i^nor amnii) over the body of the embryo. This serves the jpurpose <A 



Fic. 653.— Bntimis: Devalopaunt. Embryonic 
area of seven days* embryo Rabbit, ag, embryonic 
area; o. place of future vascular area; pr. primitive 
streak; r/. medullary groove. (From Balfour, after 
Kdlliker.) 
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protecting the delicate embryo from the dfects of Stocks. As in the of the 
bird, the folds giving rise to the amnion and serous membrane may ccmsist from 
the first (except the head-fold, which, being formed from the pro-amnion, 
consists soldy of ectoderm and endoderm) of somatic mesodenn as wdll as 
ectoderm (trophoblast : or mesoderm may extend into them lat«r}. Thus, 
either from the first, or as a result of outgrowth which takes place subsequentiy, 
the chorion contains mesoderm as well as ectoderm. The ectodermal cells-- 



F^. 654. — ^Eufluna: Dmrsloamait. Embryo Rabbit, of about nine days, from the dorsal side. 
«. amta; aft. optic vesicle; af. fold of amnioa; ao. area opaca; op. area pellucida; A., Ar. heart; 
A , A . medullary plate in the region of the future fore-brain; A", medullary plate in the region of 
the foture mid-b^n; AA and AA"'. hind-brain; mk, mid-brain; ph. pericardial section of body 
cavity; Or. primitive streak; px. lateral sone; rf. medullary groove; uw. somites; ste. vertebral 
rone; vd. phamyx; vo. vitelline vein. (From Balfour, after KbUiker.) 

trophoblast cells— of the chorion may ent«r into dose rdationdiip with the 
murous membrane of the wall of the uterus, and send ont processes or primary 
viUi (Fig. 656, EK) by means of which the ovum becomes intimately attached, 
and by means of whidi perhaps nourishment is absorbed. 

In certain mammals the history of the amnion is very difi^ient'lrcnn that 
above described. In the hedgdiogs and Man, for example, a cavity aj^ears 
in ectoderm <3$ the embryonic area. This is destiimd to give rise to the 
«vity of the amnm. The ectoderm, which forms its roof, is entirdy trofho- 
Nastic or dumonic ; that whidi forms its floor is partly destined to becmne 
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amniotic ectodenn, pertly embryonal ectoderm. After the bas 

hegm to become differentiated, the margins of the ammotic part ol t^s ecto- 
dennal flow begin to grow upwards, giving rise to a layer whidi extends over 
the roof on the mner side of the dborionic ectoderm and eventuaUy forms a 
c(»n|dete layer-4he ectodomal layer of the amnion. 


Flo. 655.~gBflieria; fwtal 
mimliiaiiii. Stages in iorma- 
tion. In z» 2. 3. 4 the emb^o 
is represented in longitudinal 
section. 1, Embryo with sona 
pellucida, blastodermic vesicle, 
and emb^onic area; 2. embryo 
with commencing formation of 
yolk*sac and amnion: 3. embryo 
with amnion about to close; 4. 
embryo with villous chorion, 
larger allantois, and mouth and 
anus; 5. embi^o in which the 
mesoderm of ihe allantois has 
extended round the inner surface 
of the chorion and united with 
it to form the foetal part of the 
placenta: the cavity of the 
allantois is aborted, a. ecto* 
derm of embryo; a\ ectoderm of 
non«embryonic part of the 
blastodermic vesicle; ah, am* 
niotic cavity; af. allantois; am, 
amnion; eh, foetal part of 
placenta; che, placental villi; d, 
in 1 zona radiata. in 2 and 3 
chorion; d\ processes of zona 
radiata and chorion: dd, em- 
bryonic endoderm; df, area 
vasculosa; dg, stalk of umbilical 
vesicle; ds, cavity of umbilical 
vesicle; e, embryo; hh, peri- 
cardial cavity; non-embryontc 
endoderm ; Kh, cavity of blasto- 
dermic vesicle; K$, head-fold of 
amnion; m, embryonic meso- 
derm; non-embryonic meso- 
derm; r, space between chorion 
and amnion; sh. subzonal mem- 
brane (chorion); ss, tad-fold of 
amnion; sf. sinus terminalis; sz, 
villi of chorion ; vl, ventral l^y 
wall. (From Foster and Balfour, 
after Kdlliker.) 



In the moles {Talpa) spaces appear in the layer of ectoderm of the embryonal 
areav these subsecjuently coalesce to form a single cavity — the primitive 
amniotic cavity. This, however, has only a temporary existrace, the amnim 
arinng later by the formation of a series (rf fdds.' In Mus, Atvicol^ and othws 

the amnion is devel<^ as a cavity in the emteyomclmot Inotoermananals 

the amninn axlses in the manner already described- The portion of the 



904 


ZOOLOGY 


trophoblast immediately overlying the embryonic part oi ^ 
eventually disappears. 

The allantois has, in all essential respects, the same mode devdopment 
as in the bird, arising in most cases as a h(dlow outgrowth from the hind^part 
of the alimentary canal. This, growing out into the ^ce (extra-^biymiic 
coelom) between the chorion and the amnion, becomes in all the Eutheria 



Fig. 656. — Battmia: OwdopiDMit. Rabbit embryo and blastodermic vesicle at the end of 
the tenth day. The embryo is represented in surface view from the right side, the course of the 
alimentaiy canal being indicated by the broad dotted line; the blastodermic vesicle is shown in 
m^ian longitudinal section. The great part of the tail has been removed, if iV'. pro-amnion; 
AX. cavity of aminion. C. extra-embryonic portion of coelom; £. ectoderm; E". thickened 
ectoderm by which the vesicle is attached to me utems and from which the foetal part of tte 
placenm is derived; El. auditory vedde; EK, ectodermal vilH; GF. ion-gat; GH. hind-gnt; 
GT. mid-gut; H. endoderm; O, extra-embryonic coelom; OL. lens of eye; R. heart; SI, ainna 
termmalis; r.if. allantoic cavity; YS. jrbik-aac. (From A. M. Marshall, in part after Van 
Beneden and Julin.) 

applied to the former, and unites with it to contribute towards the formation 
of the placenta. 

Chorio-allantoic placenfre are also dassified into the following five types 
according to the degree in whidi both matonal and foetid tissues aie jnesent: 

I. Epitkdiodtorial {e.g. pig, hmse), in whidi ^e miMmial uterine 
is in simjde apposition with the foetal dunion. 

a. Syniemot^wrial {e.g. dieep), in wfaidt ^ uterkie tpiriidhim disafipears 
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so thfit tho choricm is in ocmtact with the endometriunt or glandular epitheliust 
of the uterus. Such i^acentse ure usually cotyledonary. 

3. Endothdioch^al or Vasochorial {e.g. cat. dog), in which the epithelium 
and the endometrium of the uterus disappear and the chorion is in intimate 
contact with the endothelial wall of the maternal capillaries. 

4. Hatnochorial (e.g. Man), in which the maternal epithelium, endometrium 
and endothelium disappear, so that the chorionic epithelium is surrounded by 
circulatii^ maternal blood. 

5. Hamoeudothelial (e.g. many rodents), in which the trophoblastic epi- 
thelium disappears, as well as the maternal epithelium, endometrimn, and 
endothelium, so that only the foetal endothelium separates the two blood 
streams. 

Probably in most eutherian mammals gonadotrophic hormones are secreted 
perhaps by the csrtotrophoblast, but they are not identical with those of the 
anterior pituitary (p. 150). Chorionic gonadotrophin itself cannot cause ovarian 
luteinisation. It probably does not normally pass through the placenta into 
the foetus except in very small quantities. It is possible that placental gonado- 
trophin augments the action of pituitary luteinising hormone in maintaining 
the corpus luteum during pregnancy. Its liberation in the urine of pregnant 
animals, including Man, makes possible the Aschheim- 2 k>ndek and the more 
modem tests for pregnancy. 

In many mammals the yolk-sac. through the medium of the chorion, enters 
into a close relationship with the uterine wall. A connection, the so-called 
yolk-sac plaunta, is established through which nourishment and antibodies 
can be conveyed to the emb3n:o. This rarely persists after the true (allantoic) 
placenta has become established. 

The stalk of the yolk-sac, with the corresponding narrowed part of the 
allantois and the vessels which it contains, forms the umbilical cord by which 
the foetus is connected at the umbilicus with the yolk-sac and placenta. This is 
enclosed in a sheath formed by the ventral portion of the amnion. The part 
of the allantois which remains within the cavity of the body devdops into the 
urinary bladder, together with a cord, the urachus, connecting the bladder with 
the umbilicus. In some mammals the umbilical cord contains a sphinct^ 
muscle in the umbilical ring (rabbit, Cavy, cow, horse and sheep). In rat, 
dog, cat, Man, pangolins and Macaque no such muscle occurs. 

In Man, and some other eutherian mammals, the head of the neonatus is 
occasionally cloaked with a caul— 9, fragment of the thin, translucent ammotic 
membrane. To be bom with, or subsequently to carry on the pers<m, a cad. 
betokois (in various communities) good fortune, long life, powers of clair- 
voyance, a religious career, safety in mines from fire-damp, and, at sea, 
immunity finun drowning. In Leeds, in 1889, a mirade was reported udiereby 
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a caul was found to bear the words Briti^ mid Foreign BiNe Society. Great 
excitement prevailed, and some still hdd to a snpematursd thecny evm after it 

was shown that after detadunoit, the caul had 
lain for some hours on a UotyWUtAe, <m the cover 
of which the above title was deejdy indented. 
In Nap(^eonic times the market value of cauls 
was sometimes as high as 30 guineas, but by 
early in. the present century {uioes had declined 
to about £x. Dming the First Wmld War the 
pike rose again to from £3 to £5. Cauls are 
still occasionally carried by sailors and are pur- 
diasable on the WIiter-honts. | 

In monotremes the ovum is lelatively enor- 
mous (diameter of vitellus about 2*5 in 
Omithorhyncikus and about 4*5 nun. in T^acl^- 
glossits)^, and in marsuinals compaTatively 
The ovum is 0*25 nun. in diameter in Das^rus 
and 0*14 nun. in Diddpkys compared vuth 0*087 
mm. in Mus and o*X5 nun. in sheep — ^the last- 
named being the largest recorded for a eutherian. 

After fertilisation the marsupial ovum becomes enclosed in a thick shell- 
membrane with a layer of albumen. The 
first cleavage of the ovum {Diddphis), or 
the fourth (Dasyurus), involves a separation 
of the embyro-forming part of its substance 
from that destined to give rise only to the 
trophoblastic ectoderm. Further divisions 
take place in such a way as to give rise, not 
to a solid morula as in the Eutheria, but to 
a hollow blastodermic vesicle with a wall 
composed of a single layer, the cells on one 
side of which form the embyionic area. An 
elaborate allantoic placenta is notdevdoped 
except in Perameles, Phascolarctos, and 
Phascolomys (p. 716). The intra-utOTne 
development of the foetus is abbreviated, 
and birth takes place when the yotu^ ani- 
mal is still relatively very small and incom- 
pletely developed. 

In all marsupials, so far as known, the embyro is covered, exacpt in a 
limited area, by the compressed aiui expanded yoilosac. In ti*e great majority 
^ig. 657) the allantois (off.) is small, and is eoa ^ det d y' «>doBed .wdth the 





Fig, 658.- 
Emlnyo and placenta of Pmamelts (a 
inaimipialteiidicdOt). Letteiaa* in Fig. 
658. m addition* all. s. allantoic atalk; 
mes. mesenchyme of outer surface of 
aUaiitois fused with mesenchyme of serous 
membrane; #. I, sinus terminal^; 
uterine wai^ (Alter J. F, Hill,) 



Fig. 637.— Metatheiia: Apia- 
e sn tal arra^ ff"*^* - Embryo and 
foetal membranes of Bettongia (a rat- 
kangaroo). alL allantoic cavity: 
amn. amnion; amn. c. cavity of 
amnion; ccgL extra-embryonic 
coelom; ser, serous membrane 
(chorion): yk. s. yolk-sac. (After 
Semon.) 
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mA»yo Ui the yoik-sac. In imtive 'cats' {Dasy$tnis) there is a v^rdbreioped 
yolk-sac jdaoenta. Only in bandicoots (e.g. Peramdes). the Koala and the 
wombats, so &r as known, is the outgrowth of 
the allantois to the chorion followed by the 
establiidunent ci an intimate relationship be- 
tween the daoiion and the uterine wall, with the 
fonnation of interlocking ridges and depressions 
The whole constitutes a placenta of the same 
essential character as that of the Eutheria, 
though devoid of actual villi (Fig. 638). 

The Prototheria, unlike all the rest of the 
Mammalia, are oviparous. In Tachyglossus 
only a single egg, as a general rule, is laid in a 
season. This is {daced in a temporary incuba- 
torium, formed as already described (p. 695) in 
the mammary region of the ventral surface. 

The young animal soon emerges from the egg, 
and remains enclosed in the marsupium till it 
reaches an advanced stage of development. 

Omithorhynchws develops no marsupiiun : its two 
eggs are deposited in its burrow. In Tachy- 
glossus the egg^iell is composed of keratin ; in 
Omititorl^nchus it contains carbonate of lime. 

The ova of the Prototheria (Fig. 659) are very much laiger than those of other 
mammals, their greater dimensions being due to the presence of a large pro- 
portion of food-yolk. The segmentation, unlike that of 
all the Theria, is meroblastic, and the blastoderm event- 
ually forms a complete investment of two layers, to the 
yolk. An embryonic area is differentiated at one pole, 
and on it appears a primitive streak with a primitive 
knot and head-process. The young of all monotremes 
possess a caruncle as well as an egg-tooth (p. 651). 

The gestation period of mammals varies widely. It is 
about twelve days in Didelphys and Dasywrus, sixteen in 
Trichosurus and thirty-eight to forty in the bigger 
kangaroos. Among eutherians it varies between about 
three weeks in some smaller rodents to approximatdy one 
year in the whale Physeter and in Equus zd/ra, thirteen 
months in Tapirus indicus, fourteen in the Girafie, 
eigfateeii in Wiinoceros bkomis and nineteen to twenty-two months in EUphas 
maximus (see also p. a8i). 

Behavloiir In Marwiptoto.— It was often erroneously thought that 



Fzg. 660. — 

■ttUnMorfoBtiiie Yottng 
kangazoo attached to the 
teat. {KattanJ sise.) 



Fig. 659.— Mammalia; Compara- 
tive embryology, A . Blastula stage 
in a eutherian. B, Transition stage 
between the morula and blastula in 
a monotreme. Both represented 
in diagrammatic section. (After 
Semon.) 
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marsupials are ' bom in the pouch ’ as a growing expansion of the teat (Fig. 660). 
The new-born 3wung of the latgest Uving kangaroo is only i'3 inches long. 
Once the neonatus attaches itself to the nipple the latto: expands slightly, so 
that if forcible removal is attempted, the neonatal buccal tissues may rupture 
and bleed, thus creating an understandable impression of origin in situ. This 
is particularly so in the case of the smaller marsupials. For example, the 
neonatus (32 hours db 8) of the Yellow-footed PouchM Mouse {Aniechinus 
flavipes) has a vertex-rump measurement of less than 5 mm. The head is 
3 mm., the fore-limbs 2 mm. and the hind-limbs x mm. in length. The total 
weight is a mere 0’0i64 gr. (Marlow, unpublished). 

Marsupial parturition, first observed by Europeans in 1804, has now been 
described in Diddphys, several species of Macfbpus, in Phascolarctosi and 
possibly others. Most observers have stated that the neonatus travels unaided 
to the pouch. In Macropus, however, the female sometimes licks a ' pathway ’ 
on her fur along which the young one ascends. In captive Great Grey Kan- 
garoos, the female has been reported to assist the neonatus with dther lipk or 
paws (Hediger). There is evidence that if the young becomes dislodged 
during its ascent she makes no attempt to retrieve it. 

The relatively long and powerful fore-limbs of the new-bom kangaroo are 
already equipped with claws which no doubt assist in the upward ‘swimming’ 
movement over or through the mother’s fur. The swelling of the nipple within 
the juvenile’s mouth helps to keep the mammary foetus in position during its 
helpless stage. Milk, expressed from the mammary gland by the contraction 
of the cremaster muscle, is thus forced down the oesophagus of the young animal 
which breathes unobstructedly through its nostrils by virtue of the continuous 
passage established between the nasal cavities and the larynx, as already 
described (p. 884). An opposing view, however, is that in at least some species 
the neonatus extracts milk by its own efforts. 




